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I.  On  the  First  Principles  of  Chemistry.  By  Edmund  J. 
Mills,  D.Sc,  F.R.S.,  Young  Professor  of  Technical  Che- 
mistry  in  the  Andersonian  College,  Glasgow*. 

Contents. 

(1)  A  property  of  First  Principles. — (2)  Special  difficulties  of  the  investi- 
gation.— (3)  Need  of  it. — (4)  The  first  principle  of  science  is  motion — 
(5)  of  chemistry,  action. — ((5)  Such  action  is  determinate,  continuous, 
proportional  to  mass,  and  occurs  betweeu  wholes  ;  it  is  not,  therefore, 
expressible  by  the  ordinary  symbols. — (7)  Experiments  of  Gladstone, 
Harcourt  &  Esson,  Guldberg  &  Waage ;  those  of  Bunsen  and  Debus 
are  consistent  with  continuity.  Chemical  action  cannot  be  regarded  as 
finite. — (8)  Acting  substance  is  directed  motion ;  homogeneous,  not 
partite.  Bigi-ession  on  isomerism. — (9)  Consequences  traced :  vices  of 
current  speculation:  diftuse  and  concrete  motion. — (10)  Symbols  of 
substance,  operation,  equivalence.  "Valencies"  cannot  form  an  arith- 
metical series.  Equivalent  defined. — (11)  Table  of  theses  and  anti- 
theses.— (12)  Principles  on  which  to  found  a  decision. 

(1)  ITlIRST  principles  are  of  all  portions  of  a  science  the  most 
J-  difficult  to  grasp.  The  explanation  of  this  fact  lies  in 
the  law,  first  pointed  out  by  Professor  Ferrier  (Institutes,  p. 
12),  that  what  is  first  in  the  order  of  nature  is  last  in  the  order 
of  knowledge.  To  that  subtle  and  accomplished  philosopher 
(now,  alas !  no  longer  with  us)  the  pure  reason  of  mankind 
stands  in  eternal  debt,  and  not  least  for  the  power  and  beauty 
of  his  exposition  of  this  law  of  scientific  progress.  For,  if  it 
be  progress  to  attain  first  principles,  then  '^  all  science  can  ad- 
vance only  by  going,  in  a  manner,  backwards,  or  rather  by 
coming   round ;"    and  "  the   apotheosis  and  final   triumph  of 
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liuinan  reason  will  ])e,  when,  having  traversed  the  whole  cycle 
ol"  tlu)ii<iht,  she  returns — enriched  only  with  a  deeper  insight 
and  a  clearer  consciousness — to  be  merged  in  the  glorious  in- 
nocence of  her  primitive  and  inspired  incunabula'''  The  same 
thought,  in  its  moral  aspect,  constitutes  the  lesson  of-  the 
Prodi o-al  Son*.  The  advancement  of  science,  the  excursus  of 
the  soul,  are  popularly  represented  as  straight  lines  ;  on  the 
contrary,  they  are  returning  curves.  "  The  primitive  articles 
of  all  thought,  the  seminal  principles  of  all  reason,  the  neces- 
sary constituents  of  all  knowledge,  the  keys  of  all  truth,  lie  at 
first  buried  under  our  very  feet ;  but,  as  yet,  we  are  not  privi- 
leo-ed  to  find  them.  We  must  first  circumnavigate  the  globe  ; 
the  whole  world  of  speculation  must  be  traversed  by  our  weary 
feet.  Hence  every  step  forward  carries  us  only  further  and 
further  from  the  mark.  Ere  long  the  elements  of  truth — all 
that  we  are  indistinctly  looking  for — lie  in  the  far  distant  rear, 
while  we  vainly  think  that  we  behold  them  glimmering  on  the 
horizon  in  our  front.  We  have  left  them  behind  us,  though 
we  knew  it  not — like  decaying  camp-fires,  like  deserted  house- 
hold gods."  "  The  intellectual,  like  the  physical  -world,  is  a 
ronyul ;  and  at  the  moment  when  the  wanderer  imagines  him- 
self furthest  from  the  house  of  humanity,  he  will  find  himself 
at  home.  He  has  revolved  to  the  spot  of  his  nativity.  He  is 
again  surrounded  by  the  old  familiar  things.  But  familiarity 
has  been  converted  into  insight ;  the  toils  of  speculation  have 
made  him  strong,  and  the  results  of  speculation  have  made 
him  wise" t  (ibid.  pp.  10,  11). 

(2)  The  difficulty  of  the  investigation,  however,  is  capable 
of  large  increase  from  special  conditions.  Consider  the  case 
of  chemistry.  Detail  has  been  added  to  detail,  concrete  result 
to  concrete  result,  during  an  enormous  interval  of  time  ;  and 
the  pure  jewels  of  the  science  lie  deep  under  a  roadway,  which 
has  been  hardened  by  the  traffic  and  elevated  by  the  rubbish 
of  at  least  two  thousand  years.  The  ideal  reformer  who  Avould 
disinter  them  must  consecrate  himself  to  the  task,  and  live  to 
universals  ;  he  must  wrench  himself  from  contemporary  pre- 
judices and  associations,  and,  regarding  each  fact  and  theory  in 

*  Trench  (Notes  on  tlie  Parables,  1870,  pp.  .387,  388)  supposes,  in  ac- 
cordance -with  the  common  interpretation,  that  the  "  younger  son  "  is  prin- 
cipally intended  to  illustrate  the  sin  of  desiring  spiritual  independence. 
The  whole  meaning  turns  upon  the  words  Et?  iavrov  8e  (X6o>v  (But  when 
he  ca))ie  to  himself),  the  attainment  of  ideal  independence  by  way  of  ex- 
periment being  the  A'ery  point  of  the  story. 

t  Compare  also  Mill  on  Utilitarianism,  p.  2  (1863)  :— "  The  truths 
which  are  ultimately  accepted  as  the  first  principles  of  a  science  are  really 
the  last  results  of  metaphysical  analysis,  practised  on  the  elementary  no- 
tions with  which  the  science  is  convei-sant." 
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the  light  of  this  pursuit  alone,  chiliberiitely  put  aside  all  judg- 
ments which  are  bascnl  upon  dognui  or  authority.  He  must 
have  an  infinite  capahilitv  of  doubting.  For  his  is  no  search 
for  truth — of  which  all  men  chatter,  but  which  none  are  ad- 
mittt'il  to  possess  ;  his  is  a  reasoned  labour  ;  and  the  issue,  of 
which  he  is  careless,  must  in  the  main  be  wise.  Such  being  the 
case,  can  we  wonder  that  no  clear  statement  of  the  tirst  princi- 
ples of  chemistry  has  ever  yet  been  made,  and  that  even  the 
very  definition  of  the  science  is  either  unknown  or  obscure  ? 
Is  it  remarkable  that,  in  the  hundreds  of  chemical  manuals 
that  have  been  written,  little  or  nothing  is  said  of  those  secret 
s[)rings  that  feed  the  literary  stream,  or  of  the  dews  that  ferti- 
lize the  less  familiar  province  of  exj)erimental  research? 

(3)  Yet  this  investigation  is  much  needed.  I  beg  any  dis- 
passionate observer  to  survey  the  field  of  modern  chemistry, 
and  ask  himself  whether  its  condition  has  been  satisfactory  of 
late  years.  For  my  part,  I  came  neutral  to  the  task,  with  no 
tradition  to  support  and  with  no  interest  but  to  inquire. 
Could  I  possibly  justify  the  prevalent  spirit  in  the  science? 
"Was  the  method  of  its  theories  reasonable  ?  Did  its  leading 
doctrines  harmonize  with  those  of  other  sciences,  and  tend  to 
ennoble  man  ?  And  what  was  the  cause  that,  even  in  popular 
opinion,  it  appeared  unfruitful  of  discovery,  and  languishing 
rather  than  alive  ?  The  reader  already  knows  the  general 
tenor  of  the  answers.  Strength  and  light  and  vigour  can 
only  come  from  some  fundamental  reform,  sufficient  to  alter 
the  entire  aspect  in  which  chemistry  is  contemplated,  and  the 
entire  method  whereby  chemical  problems  are  solved.  This 
reform  can  be  reached,  and  only  reached,  by  turning  back  to 
first  principles. 

(4)  Where,  then,  are  we  to  commence  ?  The  first  principle 
of  all  science  is  motion.  Every  event  of  which  we  are  con- 
scious proves,  en  analysis,  to  be  motion  of  some  kind  ;  and 
matter  is  not  distinguishable  from  motion  except  as  more  or 
less  determinate  motion.  Strictly  speaking,  "  the  motion  of 
a  thing  "  is  a  tautological  expression,  unless  we  mean  by  "  a 
thing  "  another  kind  of  motion,  when  the  phrase  becomes  equi- 
valent to  "  compoxmded  motion."  From  the  rigour  of  Hobbes's 
logic  *  there  is  no  escape  ;  indeed  the  almost  unanimous  voice 
of  philosophy,  from  ancient  to  modern  times,  has  asserted  the 
universal  prevalence  of  motion,  the  absence  of  all  real  rest. 
This  grand  idea  has  changed  the  character  of  human  action 
wherever  its  mission  has  been  accepted  and  its  reality  has  been 
felt.  Of  late  years  it  has,  in  some  derived  form,  completely 
renovated  and  restored  whole  sciences.    What  is  the  life   of 

*  Humane  Nature,  second  edition,  pp.  9-] -5. 
B2 
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modern  geology  or  inatluMiiatics,  but  continuity  ;  or  of  bio- 
logy, but  evolution  ?  The  greatest  generalization  of  the  prac- 
ticiil  consciousness  is  worthy  to  become  our  chief  criterion  and 
lay  our  fresh  foundation. 

(5)  We  have  then  to  select  those  derived  forms  of  the  idea 
of  motion  which,  lying  nearest  to  it,  are  yet  within  the  pro- 
vince of  chemistry.  One  of  these  must  necessarily  be  action, 
because  the  chief  business  of  chemistry  is  a  kind  of  work. 
Chemical  substances  are  valued,  not  for  what  they  are  con- 
ceived as  being,  but  as  doing  ;  and  the  first  question  we  ask 
about  a  body  is,  What  is  its  function  ?  alcoholic,  saline,  ke- 
tonic,  zincous,  chlorous  ?  in  other  words.  How  does  it  behave 
with  this,  that,  or  the  other  reagent  ?  And  it  is  made,  bought, 
and  sold  for  its  use. 

One  objection  that  n\iglit  be  made  here  ought  perhaps  to  be 
answered  at  once.  It  may  be  said  that  substances  have  a  being 
in  themselves — namely,  a  ''  constitution,"  as  it  is  technically 
termed — that  their  constitution  consists  in  the  arrangement  of 
atoms,  of  which  they  are  in  reality  made.  Whether  this  is 
the  case  or  not,  shall  be  in  due  course  examined.  I  content 
myself  with  remarking  that  constitution  has  been,  and  always 
is,  considered  of  very  small  importance  in  comparison  with 
action, — the  two  standing  to  each  other  in  the  relation  of  spe- 
culation and  experiment.  A  moment's  consideration  of  parti- 
cular cases  will  show  this.  Indigo,  sugar,  salt,  and  alcohol 
were  extremely  valuable  before  any  thing  whatever  was  asserted 
of  their  constitution — valuable  then  as  now,  for  the  employ- 
ments to  which  they  could  be  put,  the  producer  prudently 
regarding  their  constitution  with  a  wise  indifference.  Hence, 
then,  we  are  on  sure  ground  in  adopting  action  as  a  first  prin- 
ciple, whether  we  should  have,  or  not  have,  to  accept  "  being  " 
or  "  constitution  "  at  a  later  period. 

(6)  Chemical  action,  however,  is  not  indeterminate.  If  it 
were  so,  all  possible  reactions  might  occur  at  one  time,  and  all 
reactions  would  be  possible.  Isomerism  could  no  longer  arise. 
The  two  mononitrotoiuols,  for  example,  that  are  formed  during 
the  nitration  of  toluol  could  possibly  be  converted  into  each 
other,  and  would  yield  a  confused  or  mean  nitrotoluol  ;  nay, 
rather,  any  nitric  solution  of  toluol  would  be  as  definite  a  che- 
mical substance  as  we  now  consider  nitrotoluol  itself.  Thus 
the  old  theological  guess,  Deus  est  actus  jmrus,  cannot  be  trans- 
cribed for  chemistry  ;  in  this  science,  action  is  determinate, 
conditioned,  and  a  process. 

The  most  important  character  of  chemical  action  is  con- 
tlnnity,  which,  as  has  been  already  stated,  is  an  immediate  de- 
rivative of  the  idea  of  motion.    When  two  or  more  substances 
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are  placed  together  in  sucli  conditions  as  to  react  chemically, 
various  kinds  of  work  are  pertbrnied,  and  other  substances  are 
found  to  be  })resent.  Dii-ect  contact  is  not  always  necessary  ; 
it  may  suffice  that  a  shock  or  tremor  traverse  the  intervening 
or  diachemic  medium,  in  order  to  produce  the  desired  result. 
This  is  well  seen  in  the  experiments  of  Abel  and  others,  where 
nitroglycerine,  gunpowder,  and  the  like  have  been  fired  with- 
out such  contact,  by  the  effect  of  distant  explosions  of  parti- 
cular quality. 

Continuity  is,  moreover,  observed  in  the  relation  of  the 
masses  of  the  acting  substances.  According  to  the  evidence 
we  possess  (and  some  of  it  is  of  the  highest  order  of  accuracy), 
no  niatter  ivhat  may  he  the  masses  of  the  substances  reactim/, 
the  entire  mass  of  each  takes  part  in  the  process.  If  we  immerse 
an  ounce  of  zinc  in  water,  and  add  to  it  a  quantity  of  hydric 
sulphate,  the  whole  of  this  reagent  acts,  whether  it  weigh  an 
ounce,  a  pound,  or  a  hundredweiglit ;  and  it  is  known  by  ex- 
periment that  if  water,  zinc,  and  hydric  sulphate  be  placed  in 
contact,  the  rate,  amount,  and  quality  of  the  action  all  depend 
on  a  cosmic  law — the  masses  of  the  acting  system — and  vary 
as  these  vary  *.  Of  this  rich  and  indefinitely  great  variety  of 
process,  the  Daltonian  symbols  show  us  but  a  poor  and  single 
point, — 

Zu  +  HoS04  =  ZnS04  +  H2; 

all  the  hydric  sulphate  that  is  not  required  to  make  zinc  sul- 
phate, though  undeniably  sharing  chemically  in  the  process, 
is  omitted  from  the  expression  ;  and  it  may  be  added  that  the 
equation  itself,  one  of  the  most  frequently  ^^■ritten  in  books  and 
memoirs,  has  never  yet  been  realized  in  the  history  of  che- 
mistry. May  I  suggest  to  those  students  who  are  seeking  sub- 
jects for  investigation,  how  much  more  profitably  their  time 
would  be  employed  in  examining  the  commonest  definite  equa- 
tions, than  in  such  enterprises  as  trying  to  find  out  by  experi- 
ment what  is  the  position  of  the  third  bromine  atom  in  tribro^ 
mobenzol  ? 

(7)  The  mind  of  Berthollet  was  clearly  impressed  with  the  ne- 
cessity of  reconciling  the  laws  of  chemistry  with  those  of  astro^ 
nomy.  As  he  contemplated  the  evening  sky  and  M^atched  the 
marshalling  of  its  glorious  host,  no  thought  of  atoms  rose  (as 
in  Dalton)  with  those  distant  clusters  ;  but  the  conviction  that 
the  earth's  laws  are  not  discrete  from  those  of  heaven,  and  that 
the  principle  of  celestial  attraction  must  be  identical  with,  or 
animate,  the  chemical  process.     The  law  of  chemical  mass, 

*  For  the  demonstration  in  the  case  of  gases,  see  Bunsen's  '  Gasometry,' 
p.  254  (English  edition). 
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thouo;h  thus  foreseen  by  Berthollet,  was  not  placed  by  liini  on 
a  complete  exi)eriniental  basis  ;  and  the  idea  that  both  he  and 
Bergman  perhaps  ])Ossessed,  that  each  substance  has  a  mass 
of  its  own,  has  jirobably  been  investigated  but  by  a  single 
chemist.  Later  researches  have,  however,  placed  th(^  law  in  a 
clearer  light.  Gladstone,  for  example,  in  1855  *,  showed  that, 
in  a  certain  group  of  reactions,  "  There  is  nowhere  any  sudden 

increase If  the  partition  of  the  bases  and  acids  in  the 

mixture  really  take  place  at  first  in  atomic  proportions,  it  is 
evident  that,  being  at  full  liberty  to  act  and  react,  the  salts 
arrange  themselves  accoi'ding  to  their  respective  mass,  without 
reference  to  their  respective  atomic  weights  "f. 

It  is,  however,  more  especially  to  Harcourt  &  Esson  and 
Guldberg  &  Waage  that  we  are  indebted  for  the  investiga- 
tion of  this  subject.  Thus,  for  example,  the  former  chemists 
examined  the  deportment  of  mixtures  of  potassic  permanganate, 
hydric  oxalate,  hydric  sulphate,  and  manganous  sulphate  in 
presence  of  a  quantity  of  water  which  may  be  regarded  as  con- 
stant, the  etfect  particularly  traced  being  the  oxidation  of  the 
oxalate  by  the  permanganate  present.  The  authors  invariably 
regard  the  entire  weiglit  of  a  reagent  present  as  active  ;  and 
they  prove  that  the  amount  of  oxidation  that  takes  place  is 
directly  proportional  to  the  total  amount  of  permanganate  re- 
maining in  solution  at  a  given  time.  In  a  second  inquiry  into 
the  reduction  of  hydric  or  a  similar  peroxide  by  hydric  iodide 
in  an  aqueous  solution  of  varied  content,  they  show|  that 
"  whether  the  solution  contains  in  each  cubic  centim.  746  mil- 
lionths  of  a  gramme  of  hydric  sulphate,  or  150  times  that  quan- 
tity, 604  millionths  of  a  gramme  of  potassic  iodide  or  9  times 
that  quantity,  or  whether  hydric  chloride  or  hydrosodic  car- 
bonate be  substituted  for  hydric  sulphate,  whether  the  tempe- 
rature be  0°  or  50°  C,  and  whether  the  portion  of  change 
require  for  its  accomplishment  intervals  of  one  or  two  minutes, 
or  intervals  of  half  an  hour  or  an  hour,  this  reaction  still  con- 
forms to  the  law  that  the  amount  of  change  is  at  each  moment 
proportional  to  the  total  amount  of  changing  substance."  The 
processes  above  referred  to,  as  well  as  others  confirmatory  of 
them,  are  represented  by  Esson  as  continuous  lines  ;  and  where 
then  the  case  is  not  too  complicated  to  treat,  the  law  of  action 
is  figured  graphically  as  a  hyperbola  or,  ordinarily,  a  logarith- 
mic curve. 

*  A  reduction  of  all  the  most  important  of  Gladstone's  numerical  results 
has  been  given  by  myself  in  this  Journal  [IV.],  October  1874,  where  they 
are  shown  to  agree  with  the  formulae  of  certain  logarithmic  curves,  the 
use  of  which  was  first  introduced  into  chemistry  by  Esson, 

t  Phil.  Trans.  1855,  p.  189.  %  Pliil.  Trans.  1800,  pp.  127, 128. 
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Similar  results  were  arrived  at  by  Gulill)er<r  &  AVaao;e". 
Tliey  found  that  the  force  which  produces  the  formation  of  A' 
and  B'  increases  proj)ortionally  to  the  coetticient  ofafhnity(/) 
for  the  reaction  A  +  B  =  A'  +  B',  and  is  proportional  to  the  })ro- 
duct  of  the  active  masses  (;','/)  of  the  two  sid)stances  A  and 
B  :  they  equate  the  force  to  //u/,  and,  on  this  basis,  find  them- 
selves able  to  represent  the  results  of  a  lono-  and  detailed  expe- 
rimental investigation  into  the  measurement  of  chemical  attrac- 
tion. Tliey  have  also  shoAvn  that  the  results  of  the  researches 
of  Berthelot,  Scheerer  and  Debus  are  capable  of  representa- 
tion on  their  principles.  But  their  exann'nation  of  Debus's 
research  on  the  fractional  precijiitatiou  of  mixed  baric  and 
calcic  chlorides  by  sodic  carbonate  deserves  especial  notice, 
because  the  numbers  obtained  by  that  chemist  had  long  been 
supposed  to  support  the  ordinary  view  that  chemical  action  is 
characterized  by  discontinuity.  No  real  break,  however, 
occurs.  Of  his  three  investigations,  they  take  thatf  in  which, 
according  to  its  author,  the  experimental  data  are  least  open  to 
objection.  Here  the  only  variable  is  calcic  chloride  {p),  and 
the  precipitate  is  baric  carbonate  {£)  (here  represented  as  sul- 
phate) ;  aud  the  weight  of  the  latter  is  given  in  terms  of  the 
former  by  the  equation 

_  0-389 -0-035p 
^~      1    -0-080^/ 

an  expression  in  which  no  discontinuity  is  involved.  It  is,  in- 
deed, remarked  by  Debus  himself,  that  what  he  regarded  as 
sudden  changes  are  very  similar  to  the  gradually  increased 
distention  and  ultimate  fracture  of  a  string  stretched  by  a 
weight. 

Bunsen's  well-known  experiments  on  the  explosion  of  mix- 
tures of  certain  gases  also  need  consideration  here,  for  the 
reason  just  referred  to.  Tlie  following  Table  %  is  a  specimen 
of  the  results  obtained  : — 


Comp 

.  mixture 

Consumed  by  detonatiou 

Ba..^3>. 

CO 

II 

0 

CO          H 

72-57 

18-29 

9-14 

12-18       6-10 

2  :  1 

59-93 

26-71 

13-36 

13-06     13-66 

1      1 

36-70 

42-17 

21-13 

10-79     31-47 

1  :3 

40-12 

47-15 

12-73 

4-97     20-49 

1  :4 

Kow,  suppose  that,  instead  of  causing  the  above  four  mix- 
tures to  explode,  Bunsen  had  been  able  to  contriA^e  some  means 

*  Etudes  stir  les  AJfinites  Chimiques,  Cliristiania,  1867. 

t  Attn.  Cheni.  FJiarnt.  vol.  Ixxxviii.  p.  238, 

X  Watts's  *  Dictionary  of  Cheniistry,'  vol.  i.  p.  8(X), 
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allowing  of  their  gradual  reaction  (such,  for  example,  as  is 
used  in  a  gas-hatterv),  and  had  examined  the  composition  of 
the  gas  I'rom  time  to  time.  Then  doubtless  it  would  have 
been  found  that  the  peculiar  relation  he  observed  is  reached 
continuously,  and  is  merely  a  maximum  value  of  one  of  the 
functions  in  the  equation  to  the  reaction  ;  and  this  would  have 
been  noticed  in  each  of  the  four  cases.  Thus  each  abrupt  rela- 
tion would  ai)pear  as  but  one  of  a  long  unbroken  series.  The 
experiments,  however,  were  not  so  designed  as  to  show  this, 
or  give  any  chance  of  showing  this  ;  on  the  contrary,  they 
were  explosions — broken,  abrupt,  discontinuous — of  set  pur- 
pose. To  deduce  discontinuity  where  we  have  expressly  in- 
troduced it,  is  to  beg  the  entire  question.  But  even  so,  the 
evidence  of  a  break  is  fallacious.  We  might  as  reasonably 
infer,  from  the  striking  of  a  clock  at  regular  intervals,  that  it 
had  not  been  previously  going,  though  in  fact  the  entire 
phenomenon  is  ultimately  based  on  the  gradual  uncoiling  of  a 
spring.  In  like  manner  all  the  "  definite  and  multiple  pro- 
portions "  of  chemistry  depend  upon,  and  are  evidence  of,  some 
action  exerted  continuously. 

The  process  of  exhausting  the  chemical  energy  of  a  sub- 
stance, as  represented  mathematically  in  logarithmic  equations, 
requires  an  indefinitely  great  period  of  time  for  its  accomplish- 
ment. Hence  we  can  understand  how  chemical  action  is  pos- 
sible. It  can  begin  because  it  never  has  ended.  During  any" 
period  we  choose  to  assign,  every  substance  retains  a  minute 
but  real  reserve  of  unexhausted  energy,  sufficient  to  meet  or  to 
induce  some  further  attack.  For  it  is  as  experimentally  cer- 
tain that  the  generated  substances  take  part  in  a  reaction  as  it 
is  that  the  generators  share  therein.  When,  therefore,  a  body 
is  enclosed  in  some  vessel  and  set  aside,  it  must  not  be  regarded 
as  inactive  ;  it  may  quiver,  but  will  not  expire.  Thus  has  the 
old  adage,  corpora  non  agunt  nisi  sint  soluta,  been  deposed  by 
modern  research  ;  and  "  ajinifates  quiescentes^^  have  regained 
more  than  their  ancient  importance. 

It  appears,  then,  that  chemical  action  is  a  process  at  once 
definite  and  continuous.  Those  positions  in  its  course  which 
Dalton  termed  "  definite  proportions  "  are  fitly  conceived  as 
maxima  or  minima  on  curved  lines. 

(8)  In  this  place  we  may  consider  the  question.  What  are 
the  substances  that  act?  As  has  been  stated  in  (4),  matter  is 
directed  motion  ;  and,  after  considerable  reflection,  I  feel 
strongly  convinced  that  the  definition  is  both  sound  and  ade- 
quate. Hence  we  conceive  that  matter  cannot  be  made  up  of 
discrete  parts,  whether  we  term  these  atoms,  monads,  particles, 
radicals,  or  centres  of  force.     This  inference,  which  is  ulti- 
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matelv  based  on  Hobbes's  analysis  of  sensation,  and  tbercforo 
upon  experience,  appears  to  nie  unimpeachable  ;  nor  has  any 
one  yet  been  able  to  discover,  either  by  accident  or  the  most 
inorenious  design,  a  single  atom  or  ultimate  point  of  any  kind. 
Farts  do  not  exist  until  we  make  them,  and  then  they  are  new 
wholes.  It",  for  example,  I  cut  a  })iece  of  paper  into  two  parts, 
it  cannot  be  correct  to  say  that  those  jiarts  existed  in  the  pa})er 
before  ;  and  they  are  now  no  longer  parts,  l)ut  two  new  whole 
})ieces  of  ])aper.  We  may  proceed  a  step  further.  Water  is 
usually  said  to  consist  of  hydrogen  and  oxygen.  How  can  it 
do  so  when  they  are  gaseous  bodies,  and  it  a  liquid,  at  the 
ordinary  temperature?  The  answer  is.  Because  you  can  obtain 
hydrogen  and  oxygen  from  it.  We  might  as  reasonably  atHrm 
that  a  chrysalis  is  a  butterfly.  Having  added  to  water  an 
enormous  amount  of  energy,  the  result  has  been  two  gases  ; 
resume  the  energy,  and  water  is  reproduced. 

Water  +  energy  =  hydrogen  +  oxygen. 

The  common  statement  omits  "energy"  and  is  therefore  an 
erroneous  equation  ;  for  it  leaves  the  student  open  to  infer,  as 
many  young  students  do,  that  water  is  decomposable  without 
any  exertion  whatever.  The  phenomena  are,  in  fact,  quite 
consistent  with  hydrogen,  oxygen,  and  water  being  either  of 
them  compound  or  simple.     Thus,  instead  of  writing 

02  +  2H2  =  2H2  0, 

we  might  with  equal  exactness  represent  the  experiments  by 
the  equation 

(p  +  .r)  +  0>-.r)  =  2|), 
32     +       4         36 

which  exhibits  water  as  a  simple  body,  just  intermediate  be- 
tween hydrogen  and  oxygen.  I  examined  this  same  question 
some  years  ago,  when  investigating  a  kindred  topic — the  ideas 
relating  to  chemical  substance.  In  a  memoir  upon  this  sub- 
ject, I  pointed  out  that  the  principle  of  classification,  as  applied 
to  chemical  substance,  at  once  shows  that  we  have  been  gra- 
dually conceiving  it  as  Iwmogeneoiis,  and  chemical  substance  is 
analytically  defined  as  homogeneous  substance.  "  Each  element 
is,  as  has  been  stated,  homogeneous  ;  that  is,  the  whole  list  of 
elementic  discriminants  fails  to  show  that  it  consists  of  more 
than  one  thing,  or  that  it  can  be  made  by  putting  two  or  more 
things  together.  Each  amine  is  homogeneous  ;  because  the 
varied  application  of  aminic  discriminants,  such  as  potassic 
hvdrate,  hydric  chloride,  platinic  chloride,  reveals  one  thing 
oiilv"*. 

*  Phil.  Mng.  [TV.]  vol.  xl.  p,  2fil. 
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I  cannot  dismiss  the  question  of  chemical  substances  without 
roferrinjj  tor  a  moment  to  those  that  are  isomeric.  The  oeneral 
phenomena  of  isomez'ism  are  conceived  to  ponit  n-resistibly  to 
an  atomic  theory  of  some  kind.  As  I  have  discussed  this  topic 
elsewhere*,  and  shown  that  all  the  experimental  e^^dence  on 
this  subject  leads  uj>  to  continuity,  I  will  not  again  refer  to  it, 
but  merely  adduce  the  following  simple  illustration  of  my  view. 
Imagine  a  luamber  of  insulated  Leyden  jars,  alike  in  weight, 
volume,  and  every  other  particular  of  construction.  Let  each 
of  these  be  charged  with  a  different  amount  of  electricity  ;  and 
let  the  electricity  be  positive  in  some  jars,  in  others  negative. 
Now  let  the  same  piece  of  charged  gold-leaf  be  caused  to  ap- 
proach the  knob  of  each  jar  in  succession,  its  initial  state  being 
restored  before  each  approach  :  in  no  two  cas.es  will  the  attrac- 
tion (or  repulsion)  be  the  same  in  amount.  This  is  exactly 
the  position  of  the  phenomenon  of  isomerism.  All  we  know 
of  it  is  that  certain  bodies,  having  equal  (gaseous)  volumes  for 
equal  weights,  behave  differently  when  a  standard  energy  is 
applied  to  them.  To  measure,  both  in  quality  and  quantity, 
the  energy  associated  with  each  isomeric  substance,  is  to  give 
a  complete  account  of  the  phenomenon  of  isomerism.  Into 
this  account  the  atomic  element  does  not  enter. 

Thus,  then,  whether  we  consider  the  act  of  mechanical  di- 
vision or  of  chemical  decomposition,  or  the  fundamental  idea 
educible  from  the  classification  of  chemical  substances,  or  what 
is  the  most  real  meaning  of  our  sensations,  the  answer  is  prac- 
tically a  single  one.  The  substances  that  take  part  in  chemical 
actions  have  no  parts  or  radicals  ;  they  are  homogeneous,  con- 
sisting of  directed  motion. 

Energy  is  only  known  to  us  as  diffuse  (non-isolable)  motion  ; 
matter,  as  concrete  (isolable)  motion.  Whether  the  one  kind 
can  be  transformed  into  the  other,  and  what,  in  case  such  a 
change  can  be  effected,  is  the  nature  of  the  intermediate  sub- 
stances, are  questions  which  I  can  only  raise,  and  not  solve. 
Until  periodic  verifications  are  made  of  the  quantities  in  which 
standard  elements  combine,  we  have  not  even  approached  the 
threshold  of  an  experimental  answer.  No  one,  for  example, 
can  assert  that  argentic  chloride  has  the  same  composition  now 
that  it  had  100  years  ago.  So  uncertain  is  the  axiom  that  no 
matter  can  ever  be  lost. 

(9)  Some  consequences  of  this  result  must  now  be  traced. 

(a)  The  vices  and  virtues  of  the  common  chemical  equations 
are  typically  depicted  in  the  well-known  expression 

*  Laboratory,  1807,  p.  54. 
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But  this  equation  is  a  siippre.mo  vein,  hy  om'iti'mg^  "  +enor(:ry" 
from  its  right-hand  side  ;  and  a  svrfcfestlo  falsi,  by  proposing 
to  consider  any  hulk  of  water  as  made  up  of  at  least  three 
parts.  We  must  therefore  abandon  tlie  common  chemical 
equations. 

(/3)  On  the  ordinary  supposition,  bodies  are  supposed  not 
only  to  have  parts,  but  to  have  such  parts  disposed  in  a  certain 
wav  ;  this  is  their  constitution.  The  constitution  of  benzol, 
C«  He,  is,  for  example*, 


But  it  has  been  shown  that  quantity  does  not  consist  of  parts 
at  all,  however  arranged.  The  theory  of  "  constitution  "  is 
therefore  shattered  by  the  same  stroke  that  smote  its  parent 
the  "  equation." 

(7)  According  to  the  Berzelian  nomenclature  (revived  in 
recent  times,  and  by  far  the  most  scientific  that  has  yet  been 
devised  for  chemistry),  formulse  are  represented  by  dual  names 
which  correspond  to  the  specific  and  generic  names  of  biology. 
Tlius  we  have 

HCl  H2C2O4  H3PO4 

Hydric  chloride.     Dihydric  oxalate.     Terhydric  phosphate. 

similar  to  Pinus  sylvesttns,  Geraniinn  rohertianmn,  &c.  These 
names,  therefore,  suggest  what  the  formulse  suggest ;  and, 
with  the  formula^,  they  must  retire.  The  less  grammatical 
names,  such  as  sodi?r»i  chloride,  calci?/7/i  nitrate,  are  clearly 
invoh'cd  in  a  similar  fortune. 

Here  I  may  perhaps  be  encountered  by  the  question.  What 
is  to  be  the  instrument  of  discovery  and  reasoning  if  the  atomic 
theory  be  discarded  ?  This  inquiry  is  sometimes  so  confidently 
made,  that  it  seems  to  be  deemed  unamenable  to  a  reply.  But 
the  answer  is  obvious,  and  it  is  furnished  by  history.  Che- 
mistry existed  before  Dalton.  Tlie  discoverers  of  the  cause  of 
the  increase  of  weight  of  metals  by  burning,  of  the  chemical 

♦  Kekult?,  Lehrbuch,  toI.  ii.  p.  496. 
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nature  of  respiration,  of  the  composition  of  water,  of  the  first 
accurate  quantitative  methods  in  analysis,  were  none  of  them 
atomic  theorists.  Can  we  say  that,  aided  by  the  atomic  theory, 
we  have  equalled  or  surpassed  those  great  achievements  ?  And 
if  the  atomic  theory  is  indeed  the  legitimate  parent  of  the  in- 
terminal  )le  horde  of  derivatives,  isomers,  polymers,  and  the 
like,  which  swarm  across  the  science,  why  has  it  done  nothing, 
or  so  little,  to  train  and  educate  them  ?  Or  dare  we  venture 
to  surmise  that  there  must  be  something  inherent  in  the  very 
nature  of  that  theory  which  accounts  for  this  pauper  progeny 
— which  explains  why  so  many  substances  are  made  and  then 
set  adrift  in  literature  unmeasured,  unclothed,  and  requiring 
to  be  investigated  all  over  again.  The  object  of  chemistry  has 
become  an  art  of  breeding.  May  it  not  be  possible  that  many 
minds,  habituated  to  the  ease  and  fancies  of  atomic  speculation, 
have  lost  the  rigour  and  hardness  required  for  the  exactest 
research?  The  examination  of  natural  phenomena  is  best 
effected  with  the  minimum  of  assumption  of  any  kind  ;  and 
instead  of  demanding  a  theory,  it  would  be  better  to  ask  how 
we  could  dispense  with  one.  It  is  juster  and  wiser  to  adhere 
to  facts  than  attempt  to  transcend  them. 

(10)  Chemistry  is  extremely  deficient  in  symbolic  expres- 
sions for  its  facts,  and,  except  in  Brodie's  partly  published 
calculus,  has  none  to  which  mathematically  deductive  pro- 
cesses can  to  any  extent  be  applied.  Provided  that  any  equa- 
tion does  not  violate  the  law  of  even  numbers,  and  will  add 
correctly,  we  may  write  out  any  grouping  of  symbols  we  please, 
and  the  prospect  may  hold  ;  but  we  cannot  say  that  it  must 
hold.  Contrast  the  enormous  resources  which  are  at  the  dis- 
posal of  the  mathematician  when  he  wishes  to  represent  the 
position  of  a  point,  and  the  light  and  fulness  of  his  representa- 
tion, with  the  pitiful  poverty  of  "  modern  chemistry  "  (as  it  is 
triumphantly  termed),  whose  equations  only  tell  you  in  sub- 
stance that  two  and  two  make  four.  Assuredly  it  is  time  that 
chemical  investigators  approached  in  earnest  the  subject  of  a 
new  symbolic  system,  and  sought  for  data  to  lay  it  upon  a 
broad  foundation.  At  present  such  important  processes  as  con- 
tinuous etherification  and  continuous  saponification  are  utterly 
unable  to  be  suitably  expressed.  Some  suggestions  towards 
the  desired  result  may  be  stated  as  follows. 

(a)  From  what  has  been  several  times  repeated  in  this 
memoir,  it  will  be  apparent  that  every  symbol,  u^hether  of  che- 
mical substance  or  of  chemical  operation,  must  represent  a  whole. 

Mathematical  methods  iuA^olve  no  discontinuity,  and  may 
therefore  be  applied  to  such  symbols.  Thus  instead  of  writing 
2H2  +  02  =  2H20,  some  equation  of  the  form  2.i'  +  ?/  =  ^  would 
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be  legitimate.  Here  no  assertion  is  made  that  water  is  a  coni- 
ponnd  body. 

{f3)  The  use  of  such  symbols  will  depend  upon  the  object  in 
view.  One  instance  of  their  application  has  been  (riven  in  (7), 
where  the  effect  of  one  variable  (calcic  chloride)  on  another 
variable  (baric  sulphate)  is  thereby  expressed.  The  logarith- 
mic and  hyperbolic  curves  of  Esson,  in  which  are  shown 
the  relations  of  changing  substance  to  change  produced,  also 
make  use  of  such  symbols.  These  are  representations  of  the 
chemical  jyrocess. 

But  we  require  to  use  symbols  for  other  purposes.  Suppo- 
sing that,  in  Debus's  investigation,  baric  iodide  had  been  used 
instead  of  baric  chloride,  what  weight  of  the  former  would 
have  done  the  same  work  as  the  latter  ?  The  answer  to  this 
question  gives  us  the  real  or  dynamic  equivalent  of  baric  iodide 
in  terms  of  baric  chloride.  In  other  words,  if  i  stand  for  baric 
iodide  and  c  for  baric  chloride,  it  is  a  solution  of  the  equation 

i=fr. 

It  was  after  such  numbers  that  Bergman  sought  in  vain  ;  but 
he  was  the  first  who  clearly  saw  their  immense  importance. 
In  memory  of  him  Ave  may  term  them  Bergmannics.  For  the 
few  that  are  known  I  refer  to  the  Proceedincrs  of  the  Roval 
Society,  vol.  xviii.  p.  348,  and  this  Journal  (IV.),  vol.  xliv. 
p.  506*.  Thus,  if  X  stand  for  thallous,  argentic,  or  plumbic 
nitrate  reduced  to  the  unit  (NO3),  and  P  stand  for  potassic 
nitrate,  the  bergmannic  is 

if  S  stand  for  sodic  nitrate, 

S  =  1P. 

Diffusion  bergmannics  were  obtained  by  Graham  (Phil.  Trans. 
1850,  p.  46),  who  proved  that  they  are  not  by  nature  atomic, 
biit  either  equal  weights  or  multiples  of  equal  weights.  Such 
questions  are  of  the  highest  importance.  The  manufacturer, 
for  example,  who  is  required  by  alteration  of  prices  or  other 
economical  reasons  to  substitute  one  substance  for  another, 
ought  to  have  such  numbers  ready  to  hand.  Should  the  agri- 
culturist desire  to  use  potassic  instead  of  sodic  nitrate  on  a 
grass  crop,  he  ought  to  know  what  Aveight  of  grass  will  be  pro- 
duced by  one  as  compared  with  the  other.  The  phvsician 
should  know  what  weights  of  quinine,  cinchonine,  and  strych- 
nine, <tc.  do  the  unit  of  work.  All  this,  and  more,  is  not  only 
attainable  but  near. 

*  See  also  Chizyuski,  Ann.  Cheni.  Pharm.  Suppl,  vol.  iv.  p.  226. 
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Having  harvested  such  dynamic  units,  and  classified  them 
upon  a  common  scale,  we  should  certainly  see  a  new  calculus 
and  a  new  nomenclature.  Instead  of  Ualtonian  atomic  weiglits, 
we  should  have  the  realities  which  I  have  termed  bergmannics  ; 
and  chemical  substances,  instead  of  being  named  dually,  on 
the  current  system,  would  be  called  by  their  bergmannic  sym- 
bol. Chemistry  is  now  in  the  same  position  as  we  should  be, 
if,  with  the  sovereign,  the  shilling,  the  penny,  &c.  in  circula- 
tion, we  were  unable  to  express  the  value  of  one  in  terms  of 
the  others.  For  the  common  "  equivalents  "  are  not,  so  far 
as  we  know,  equivalents  at  all.  They  are  defined,  for  instance, 
as  the  weights  of  Li,  Na,  Ag,  &c.  that  will  displace  H  in  the 
expression  HCl.  We  might  as  well  say  that  the  value  of  the 
loads  in  a  railway  truck  are  always  equivalent,  whether  the 
load  consists  of  air,  of  hay,  or  bullion.  It  is  sufficiently  obvious 
that  the  real  equivalent  of  a  body  is  that  which  performs  the 
unit  of  work,  however  that  unit  may  come  to  be  defined*. 

The  law  of  decrease  of  chemical  energy  throws  considerable 
light  upon  this  question  of  equivalence.  Let,  for  example,  the 
"  successive  steps  "  in  the  chlorination  of  benzol  be  one  and 
the  same  kind  of  operation  throughout ;  let  +  B  represent 
that  chemical  property  of  benzol  (it  is  enough  to  assume  one) 
which  is  reduced  by  chlorination,  and  —  C  that  chemical  pro- 
perty of  chlorine  which  accumulates  on  the  benzol  by  chlori- 
nation ;  also  let  /3  be  a  factor  less  than  1,  7  a  factor  greater 
than  1.  The  law  in  question  leads,  at  its  simplest,  to  the 
equation 

y  being  the  sum  of  the  aforesaid  properties  after  a  stage  x  of 
chlorination.  Thus  the  residues  B/3'^  and  Cy^  form  geometric 
series,  the  actual  "  valencies  "  of  which  decrease  therefore  by 
a  common  factor,  not  alter  by  a  uniform  difference.  In  other 
words,  the  arithmetical  series  of  valencies, 

(CeH^y,    (c«H,r,     (CeH3y^  &c., 
(5Cl2)^     (4Cl2)^-"S     (3CI2)-    &c., 

is  inconsistent  with  the  law.  This  result  affects  the  entire 
doctrine  of  substitution.  It  also  justifies  Erlenmeyer's  remark, 
that  there  cannot  really  be  any  such  thing  as  a  polybasic  acid. 
(11)  The  following  summary  will  serve  to  exhibit  in  a  clear 
light  the  difference  between  the  chemical  principles  I  advocate 

*  One  instance  of  such  a  definition  miglat  be, —  The  equivalent  of  a  sub- 
stance is  that  weight  of  it  which,  in  a  tube  of  unit  cajiacity,  liberates  the  unit 
weight  of  iodhie  in  the  unit  of  time. 
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(the  T/ieseti)  and  those  which  are  mure  or  less  ostensibly  cur- 
rent (the  Aatilheifes). 


Theses. 

i.  The  first  principle  of  science 
is  motion. 

ii.  The  first  principle  of  che- 
mistry is  action. 

iii.  Such  action  is  determinate, 
continuous,  and  takes  place 
betweeu  wholes  ;  it  cannot 
be  regarded  as  finite. 


Acting  substance  is  homoge-  i  iv 
ueous,  and  consists  of  di- 
rected motion. 

Symbols  of  substances  should 
be  homogeneous,  and  re- 
present wholes ;  equations 
of  action  must  be  conti- 


a.  The  equivalent  ("  berg- 
mannic '')  of  a  substance  is 
that  weight  of  it  which  per- 
forms the  unit  of  work. 

,  If  there  be  "valencies,'' 
their  series  must  advance 
bv  a  common  factor. 


Atitithcses. 

The  first  principle  of  science 
is  matter. 

The  first  principle  of  che- 
mistry is  neutrality,  indif- 
ference, or  saturation. 

Chemical  action  is  indetermi- 
nate or  partially  determi- 
nate ;  it  occurs  in  succes- 
sive stages,  between  very 
small  and  indivisible  parts  ; 
and  it  is  completed  almost 
instantly. 

Acting  substance  consists  of 
moving  or  stationary  atoms. 

The  symbols  of  most  sub- 
stances should  represent 
composition ;  the  equations 
of  action  are  identical  with 
those  which  show  the  mere 
final  distribution  of  weight. 

a.  The  equivalent  of  a  sub- 
stance is  that  weight  of  it 
which  takes  the  place  of  a 
unit  weight  of  hydrogen. 

There  are  "  valencies,"  and 
their  series  proceed  by  a 
common  difference. 


(12)  What,  then,  is  to  be  the  practical  result  of  this  discus- 
sion ?  Some  interest  may  perhaps  attach  to  the  mere  exhibi- 
tion of  a  chemical  system  so  different  from  that  which  noAV 
prevails,  and  sundered  therefrom  by  so  broad  an  interval ;  but 
the  result  would  then  hang  lifeless,  with  no  more  purpose  than 
a  picture  on  a  wall.  Neither  has  it  been  my  object  so  to  con- 
vince the  reader  as  to  awaken  in  him  some  sudden  enthusiasm 
for  a  new,  or  rather  for  the  old,  cause.  I  call  upon  him  to 
consider  for  himself  which  system,  the  atomic  or  dynamic,  he 
deliberately  prefers  ;  to  ask  himself  which  of  these,  either  in 
its  largest  generalizations  or  minutest  details,  best  corresponds 
to  his  reasoned  %dews  of  nature  ;  and,  finally,  to  decide  (for  it 
is  worth  deciding)  to  which  he  could  assign  those  elements  of 
rectitude,  of  justice,  and  of  well-being  which,  as  a  member  of 
a  social  ordei",  he  values  most.  •    For,  in  the  long  run,  no  part 
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of  ourself  is  dissociated  from  another  part ;  and  the  principles 
which  underHe  chemical  work  this  hour,  become  in  the  next 
the  springs  of  moral  action.  Here,  then,  is  neither  mist  nor 
vagueness  ;  these  tests  are  decisive  and  at  hand.  All  real 
philosophv  is  human  ;  its  foundations  lie  deep  in  the  'ranite 
of  every  day  experience  ;  and  the  superstructure  is  lucid  as  the 
noon.     In  that  keen  light  I  place  the  issue. 


II.  On  the  Microscopic  Characters  of  some  Peculiar  Forms  of 
Coke.  Bi/E.  TuLLEY  Newton,  Assistant  J^aturalist  H.  M. 
Geological  Survey  *. 

[Plate  I.] 

IN  the  extensive  collection  of  fuel  substances  formed  by 
Dr.  Percy,  F.R.S.,  there  are  cerkiin  specimens  of  Coke 
presenting  very  peculiar  forms.  The  Doctor  kindly  placed 
these  specimens  in  my  hands  that  I  might  have  the  oppor- 
tunity of  examining  them  microscopically,  and  also  suggested 
the  desirability  of  publishing  a  short  account  of  \ny  obser- 
vations. 

The  specimens  are  of  two  kinds,  both  obtained  from  a  coke- 
oven,  and  are  so  unlike  each  other  that  there  can  be  no  doubt 
that  they  have  been  formed  in  an  entirely  ditferent  manner. 
One  of  them  has  a  silvery  metallic  lustre,  and  is  usually  attached 
to  some  object,  either  as  a  flat  expansion,  or  in  masses  of 
feather-like  branches  (Plate  I.  figs.  1  &  2),  having  much  the 
appearance  of  minute  stalactites.  The  surface,  which  is  some- 
times smooth,  mostly  appears  to  consist  of  a  number  of  minute 
globules  or  bubbles  closely  packed  together.  When  any  con- 
siderable thickness  is  formed  it  becomes  very  hard  and  dense. 
Specimens  of  this  kind  of  coke  may  be  seen  in  the  Museum  of 
Practical  Greology,  Jermyn  Street  ;  and  perhaps  the  most 
remarkable  example  is  that  in  which  some  plaited  cane  and 
straw,  and  also  some  clay  tobacco-pipes,  are  coated  over  with 
the  most  beautiful  feathery  stalactitic  masses  of  this  peculiar 
coke. 

The  bubble-like  appearance  of  some  specimens  might  lead 
one  to  suppose  that  they  were  formed  by  the  bubbling  of  the 
semifluid  hydrocarbons,  in  a  manner  similar  to  that  which 
may  be  often  seen  Avhen  ordinary  coal  is  burnt  in  a  grate  ; 
but  the  fact  that  objects,  such  as  the  tobacco-pipes  just  men- 
tioned, become  coated  with  this  coke,  shows  conclusively  that 
this  cannot  be  the  case.     And,  again,  the  bubbling  process 

*  Communicated  by  the  Author.  ' 
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produces  light  vesicular  masses,  whilo  iho  kind  of  wh'u-h  we 
speak  is  very  denso.  It.  8('(Mns  most  prohahh'  tliat,  wheu  tlu^ 
gaseous  hydrocarbons  ovolvoti  in  the  process  of  dislillation 
become  rnorc^  highly  licatod,  they  an^  docomposcd  and  a  depo- 
sition of  carbon  takes  place,  as  described  by  Dr.  Perey  in  liis 
volume  'On  Fuel/  1^75,  p.  4li>.  The  Chinese  give  some  of 
their  common  earthenware  a  coating  of  carbon  of  this  kind, 
Avhich  gives  it  a  metallic  lustre.  Mr.  C.  Tookey,  formerly  of 
the  Japan  Mint,  tells  me  that  the  Japanese  use,  for  the  roofs 
of  their  houses,  tiles  Avhich  have  been  coated  with  carbon  in  a 
manner  similar  to  this. 

The  second  kind  is  that  which  is  commonly  known  as  hair- 
like  coke,  and  is  interesting  inasmuch  as  it  presents,  when 
examined  with  the  microscope,  a  great  variety  of  curious  forms. 
In  most  instances  these  ''hairs"  are  of  a  dull  black;  but  some- 
times they  have  a  silvery  a])pearance.  The  forms  assumed  arc 
occasionally  of  such  a  character  that  it  is  difficult  to  divest 
one's  mind  of  the  idea  that  they  are  organic  structures. 

The  "hairs"'  are  not  uniform  in  thickness,  but  vary  from 
the  7o\f5   of  an  inch  in  diameter,  or  even  less,  to  perhaps  the 
yI-o  of  an  inch,  or  even  more.     Some   are  straight   or  only 
slightly  curved  (figs.  3,  4,  5)  ;   others  are  bent,  distorted,  and 
knotted  in  a  variety  of  Avays.     The  finer  "  hairs  "  are  mostly 
smooth  and  cylindrical  ;  but  some  have  a  granular  appearance  ; 
and  occasionally  the  granules  are  so  large  in  proportion  to  the 
size  of  the  ''  hair  "  as  to  present  an  irregular  knotted  appeai-- 
ance,  like  those  forming  the  tuft  of  specimens  such  as  fig.  10. 
On  many  of  the  larger  "  hairs  "  more  or  less  distinct  transverse 
markings  may  be  seen  (fig.  (3)  ;  and  these  often  become  defi- 
nite constrictions  arranged  in  a  very  regular  manner  (fig.  7)— 
so  much  so  that  they  closely  resemble,  on  a  small  scale,  the 
moniliform  stems  of  the  stone  lilies  or  Encrinites,  which  are 
so  well  known  in  the  Wenlock  and  Carboniferous  Limestones. 
If  one  imao-ines  a  form  such  as  this  drawn  out  so  as  to  increase 
the  distance  between  each  ridge,  the  constrictions  being  at  the 
same  time  deepened,  an  appearance  such  as  that  given  in  fig.  8 
would  be  produced.     Forms   like  these  are  not  at  all  rare. 
Each  seo-ment  appears  to  consist  of  a  bundle  of  tubes  or  rods 
close  together  Avherc  they  spring  from  the  segment  below,  but 
gradualTy  spreading  out^as  they  pass  upwards,  and  terminating 
abruptly  at  the  rounded  surface  which  forms  the  top  of  the 
scfrment  (fig.  8^,*).    No  definite  openings  could  be  seen  upon 
the  upper  rounded  surface  ;  but  it  appeared  slightly  granular. 
This  form  reminds  one  strongly  of  certain  kinds  of  tubular 
Folyzoa,  only  that  it  is  so  much  smaller.     Fig.  9  represents 
a  form  of  which  there  are  many  varieties,  all  exhibiting  a 
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series  of  regular  ridoen  passing  obliquely  outwards  from  a 
middle  line,  which  is  either  a  grooAC,  a  ritlge,  or  an  irregular 
ridge  broken  up  into  segments,  as  in  the  hgure.  This  speci- 
men is  not  cylindrical,  but  flattened,  and  has  the  appearance  of 
being  two  "  hairs  "  placed  side  by  side  and  joined  to  each  other 
at  intervals. 

Specimens  such  as  that  given  in  fig.  11  do  not  seem  to  be  so 
conunon  as  some  of  the  others.  At  first  sight  this  appears 
like  a  number  of  shots  irregularly  massed  together  ;  but  upon 
closer  inspection  it  Avill  be  seen  that  it  consists,  not  of  spheres, 
but  of  very  sharply  defined  hemispheres,  the  flat  surfaces  of 
which  are  uniformly  turned  inwards. 

Fig.  10  represents  one  of  a  number  of  forms  which  resemble 
minute  drumsticks — the  knobs  of  each  consisting  of  a  tangled 
mass  of  hairs  and  granules,  and  giving  one  the  impression  that 
it  has  been  caused  by  an  explosion. 

With  regard  to  the  internal  structure  of  this  hair-like  coke, 
some  of  the  fibres  when  broken  open  appear  vesicular,  while 
others  are  solid  and  have  much  the  aspect  of  a  piece  of  char- 
coal. Tlie  solid  "  hairs  "  must,  I  think,  have  been  formed  in 
the  first  place  as  threads  of  semifluid  carbonaceous  material, 
and  subsequently  decomposed  by  being  further  heated.  There  is 
little  room  for  doubting  that  the  vesicular  kind  of  "  hairs  "  have 
been  produced  by  a  process  of  bubbling,  caused  by  gases 
forcing  their  way  through  the  semifluid  carbonaceous  matters 
in  the  manner  intimated  by  Dr.  Percy  (foe.  cit.  p.  421).  It  is  not 
difficult  to  imagine  that  such  simple  forms  as  those  represented 
in  figs.  3,  4,  and  5  may  have  been  formed  in  either  of  these 
two  ways,  or  to  understand  how  a  series  of  bubbles  formed  ra- 
pidly one  beyond  another  might  produce  the  moniliform  cha- 
racter of  fig.  7,  although  one  would  scarcely  have  expected  it 
to  be  so  regular  ;  but  it  is  not  easy  to  imagine  hoAv  either  pro- 
cess could  have  produced  the  regular  oblique  markings  of 
fig.  9,  or  the  bundles  of  tubes  (?)  seen  in  the  specimen  fig.  8. 
"\Vith  regard  to  the  hemispheres  (fig.  11),  one  would  like  to 
know  how  it  is  that  they  are  so  shai^ply  defined  as  /;« (/-spheres, 
instead  of  being  spheres  (or  nearly  so),  as  we  might  have  ex- 
pected them  to  be — that  is,  supposing  that  they  are  bubbles. 

The  figures  which  are  given  do  not  represent  all  the  forms 
which  may  be  seen  ;  they  were  merely  taken  as  good  illustra- 
tive examples,  the  variations  and  intermediate  conditions  being 
well  nigh  endless. 

A  specimen  of  hair-like  coke  may  be  seen  in  the  Museum  of 
Practical  Geology;  but  it  does  not  exhibit  the  various  forms 
alluded  to  above,  in  so  marked  a  manner  as  that  in  the  pos- 
session of  Dr.  Percy. 


[  15)  ] 


III.   Mallet's  Volrrnue  TI,vov;i  "  tc^lrd''  h/  the  llov.  0. 
Fisher.     Bij  RoBEra'  Mallet,  F.R.S.* 

IN  Julv  aiul  August  last  the  Kev.  0.  Fislior,  in  askin^;  mo 
for  some  explanations  in  reference  to  my  paj)er  ''  Jtoek- 
crusliintr  and  its  Conseciuences  "  (riiil.  Mag",  for  July  1^7;")), 
with  "vvhich  I  supplied  him,  informed  me  thfit  ho  was  preparing 
a  further  paper,  in  which  he  proposed  to  test  my  theory 'of  the 
origin  of  volcanic  heat  and  energy  hy  some  ap})lication  of  ma- 
thematical reasoning.  I  venture  to  subjoin  an  extract  from 
my  letter  in  reply  addressed  to  him  on  tlio  30th  of  August 
last : — "  I  have  no  wish  to  dissuade  you  from  any  criticism  of 
my  volcanic  views  Avhieh  may  occur  to  you  as  important  to 
make ;  but  at  the  same  time  allow  me  to  remark  that  those 
views  of  mine  are  greatly  more  dependent  upon  a  largo  num- 
ber of  physical  considerations  than  upon  any  mathematical 
ones,  anil  I  do  not  think  that  symbols  or  arithmetic  are  likcdy 
to  throw  any  additional  light  upon  the  subject,  however  they 
may  tend  to  confuse  it.  I  replied  to  Mr.  Hilgard's  and  your 
own  objections  because  it  seemed  necessary  that  I  should 
fill  up  a  lacuna  purposely  left  in  my  original  paper,  and  not 
in  the  spirit  of  controversy ;  nor  do  I  wish  or  intend  to  engage 
in  any  further  controversy  as  to  any  objections  that  may  be 
made  to  any  of  my  views. 

"  Bacon  has,  I  think,  somoAvhere  said  that,  with  respect  to 
large  and  complex  questions,  it  is  best  to  lay  aside  instant 
discussion  and  allow  time  and  rumination  to  wisen  us  upon 
the  subject.  Time  and  the  advance  of  science  in  the  future 
will  no  doubt  afford  surer  tests  of  the  truth  or  falsehood  of  my 
views  than  we  now  possess;  but  in  the  existing  state  of  terres- 
trial physics,  partial  objections,  even  if  well  founded,  seem  to 
me  of  little  value  or  use." 

Mathematical  reasoning  is  an  admirable  and  potent  instru- 
ment for  the  discovery  of  truth  when  the  data  upon  which  it 
is  foimded  are  exact,  suiUcient,  and  such  as  we  are  sure  exist 
in  nature  ;  but  all  its  validity  depends  upon  these  data. 

We  know  almost  nothing  as  to  the  nature  of  the  interior  of  our 
globe;  and  it  is  only  in  a  -sery  imperfect  way  that  we  can  o\e\\ 
imagine  the  conditions,  highly  complex  as  these  undoubtedly 
must  be,  under  which  mechanical  strains  act  upon  it  even 
within  a  few  miles  of  the  surface,  where  we  may  reasonably 
infer  its  materials  and  their  arrangement  to  be  highly  compli- 
cated, and  differing  from  point  to  point  in  their  chemical  and 
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physical  natures  ;  of  the  inatorial  and  its  arrangement  at  mucli 
greater  depths  we  know  al)soUitely  nothing. 

The  theories  propounded  of  the  descent  of  glaciers  present 
examples,  now  familiar  to  many,  of  mathematics  misused, 
because  as  yet  our  knowledge  of  the  physical  nature  of  ice  is 
so  imperfect.  This  is  still  more  true  whore  mathematical  cal- 
culation is  attempted  to  he  applied  under  conditions  such  as 
affect  the  interior  of  our  glohe  (as  compared  wath  which  the 
motions  of  glaciers  are  simplicity  itself),  as  is  done  hy  the  Rev. 
0.  Fisher  in  his  paper  entitled  "  Mr.  Mallet's  Theory  of  Vol- 
canic Energy  tested,"  which  appears  in  the  Philosophical 
Magazine  for  October  last. 

I  shall  adhere  to  my  resolution  expressed  in  the  above  ex- 
tract not  to  engage  in  any  mathematical  controversy  in  sup- 
port of  my  views  as  to  volcanic  activity,  but  to  leave  it  to  the 
issue  of  advancing  knowledge,  when  in  time  to  come  more 
extended  and  new  forms  of  observation  or  experiment  shall 
have  afforded  more  certain  physical  data  than  we  at  present 
possess  whereon  to  base  our  conclusions.  In  abstaining  thus 
it  must  not  bo  supposed  that  I  admit  the  validity  of  the  Rev. 
0.  Fisher's  conclusions,  or  that  the  pretentious  title  of  his 
paper  is  in  any  wise  justified  by  them.  Passing  by  the  earlier 
parts  of  his  paper,  as  to  which  all  that  need  be  said  may  already 
be  found  in  my  paper  in  the  Philosophical  Magazine  for  July, 
the  connected  argument  by  which  he  professes  to  test  my 
views  commences  at  page  309.  The  physical  data  upon  which 
it^is  founded  have  no  real  or  probable  existence  in  nature,  and 
are  in  some  instances  in  conflict  Avith  each  other,  while  some 
of  the  numerous  hy]3otheses  involved  in  his  calculation  are  not 
warranted  by  any  thing  set  forth  by  me  in  my  original  paper 
(Phil.  Trans,  for  1873).  For  his  own  purpose  he  takes  my 
small  paper  subsequently  read  (addition  &c.,  read  May  1874), 
in  which  upon  certain  hypotheses  and  suppositions  I  assigned 
limits  of  thickness  to  the  earth's  solid  crust,  as  though  it  were 
part  of  my  original  paper  and  resting  ujDon  an  ecpially  assured 
base. 

The  Rev.  0.  Fisher  assumes  a  rigid  crust  and  rigid  nucleus, 
that  these  are  in  contact  at  a  definable  spherical  surface,  that 
at  this  surface  they  adhere  or  stick  together,  and  that  when 
this  adhesion  is  broken  by  tangential  forces  oi'iginating  in 
contraction  of  the  nucleus,  the  surfaces  of  contact  drag  over 
each  other  with  an  enormous  resistance,  which  he  supposes  at 
the  moment  of  rupture  equal  to  the  whole  weight  of  the  crust. 
This  fanciful  coefficient  of  adhesion  and  friction  (//.  and  jjf  in 
the  author's  formula)  he  professes  to  take  from  me  ;  but  what 
I  have  assumed  for   sake  of  illustration  only  at  pages  8-9 
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(Phil.  Mao-.  July  last),  in  reference  to  disintegrated  ma- 
terial, atlbrds  no  warrant  for  the  Uev.  0.  Fisher's  a])plication 
of  it  under  conditions  essentially  dittercnt,  -while  for  his  coeffi- 
cient of  adherence,  or  for  the  existence  of  adherence  at  all,  he 
offers  no  warrant  whatever.  The  coefficient  of  friction,  which 
i  have  assumed  in  illustration  only,  is  not  0"75,  but  0*5  ;  and 
whether  either  of  these  be  true  or  not,  for  the  moderate  i)res- 
sures  of  a  few  pounds  per  square  foot  as  in  Morin's  experiment, 
thev  cannot  be  true,  and  in  fact  involve  a  physical  impossibility, 
where  the  pressure  per  unit  of  surface  enormously  exceeds  thc^ 
crushing-resistance  of  the  material  as  in  his  case,  whore  the 
pressure  is  that  of  a  column  400  miles  in  height.  Yet  it  is  upon 
these  data  that  his  argument  rests,  and  by  which  ho  manages  to 
get  rid  of  the  largest  portion  of  the  work  due  to  the  descent  of  the 
crust,  and  so  to  prove  the  residue  insufficient  for  the  production  of 
volcanic  heat.  There  is  nothing  to  warrant  the  supposition  that  a 
crust  400  miles  thick,  which  is  the  value  our  author  assumes  for 
k,  would  be  compressed  e([ually  throughout  its  depth  or  crush 
simultaneously  throughout  its  thickness  ;  nor  can  it  be  assumed 
that  volcanic  actiAity  is  found  uniformly  diffused  throughout  the 
depth  of  such  a  crust,  but  must  be  supposed,  as  I  have  shown 
in  my  original  paper  (§  87),  to  be  confined  principally  to  the 
upper  strata  of  the  crust,  where,  as  may  easily  bo  seen,  in  an 
elastic  and  flexible  crust  local  lateral  displacements  may  take 
place  sufficient  to  produce  crushing  and  volcanic  action  with- 
out any  dragging  of  the  crust  as  a  whole  over  the  nucleus. 

If  these  data  and  others  which  I  have  not  specified,  as  well 
as  several  assumptions  which  the  paper  involves,  be  false,  as 
they  undoubtedly  are,  then  must  the  conclusions  be  false  like- 
wise, and  this  testing  of  my  theory  be  but  weighing  it  in  a  false 
balance. 

But  somewhat  further  on  we  find  the  author  overthrowing, 
in  the  following  sentence,  the  entire  mathematical  house  of 
cards  which  he  has  with  so  much  parade  erected  : — "  If,  how- 
ever, as  is  more  likely,  the  crust  rests  upon  a  fluid  or  viscous 
layer,  the  resistance  to  lateral  motion  will  be  much  smaller ; 
but  we  are  not  able  to  guess  what  it  will  be,  so  that  we  cannot 
a  priori  assign  a  value  to  /a"  (page  316).  Now,  as  the  only 
conceivable  assumption  that  we  can  make  is  that  adopted  by 
all  physical  geologists,  namely  that  a  solid  crust  passes  by  an 
intervening  viscous  layer  into  a  hotter  niicleus  below  it,  so 
this  statement  on  the  part  of  the  Kev.  0.  Fisher  is  to  admit 
that  his  whole  mathematical  argument  is  baseless  and  worth- 
less. It  seems  to  me  a  notable  example  of  the  misuse  of  ma- 
thematics Avhich  Professor  Huxley,  in  one  of  his  addresses  as 
President  of  the  Geological  Society,  not  less  wittily  than  truly 
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illustrated,  hy  sayino-  tliat  if  we  put  peascods  into  the  uiatbc- 
niatical  mill  wo  cannot  expect  it  to  yield  Avliolesome  wheat- 
flour.  Such  ill-tbunded  calculations  do  not  advance,  but 
retard  truth  ;  they  do  so  especially  when  applied  to  such  ques- 
tions as  are  related  to  physical  geology,  upon  which  opinions 
are  adopted  by  laroe  numbers  who  know  nothing  of  mathema- 
tics, and  by  whom  mathematical  symbols  are  too  connnonly 
taken  as  ter?ts  of  truth,  and  upon  whom  their  parade  exercises 
a  sort  of  fascination  like  that  said  to  affect  birds  under  the 
glance  of  the  rattlesnake.  Were  this  intended  as  a  refutation 
of  the  Rev.  0.  Fisher's  paper,  and  not  merely  to  point  out  the 
invalidity  of  his  conclusions  resting  on  such  infirm  data,  I 
might  point  to  the  physical  impossibility  which  appears  to  mo 
to  be  involved  in  the  first  part  of  the  answer  he  has  given  to 
his  own  question,  page  317,  "  If  the  Avork  of  descent  of  the 
crust  is  not  transformed  into  the  heat  of  volcanic  energy,  it 
may  bo  asked  what  becomes  of  it?"  He  says  part  of  it  "is 
transformed  into  heat  within  the  nucleus,"  his  own  assumption 
being  that  the  nucleus  itself  is  hotter  than  the  heat  of  vulca- 
nicity.  But  this,  as  well  as  the  string  of  improbable  suppo- 
sitions not  containing  any  thing  new,  with  which  the  author 
endeavours  to  prop  up  old  volcanic  theories  at  the  conclusion 
of  his  paper,  I  pass  without  remark. 


IV.   The  Second  Proposition  of  the  Mechanical  Theory  of  Heat 
deduced  from  the  First.     By  C  SziLT,  Budapest* . 

THERE  is  not,  and  never  will  be,  any  theory  which  could 
dispense  with  fundamental  hypotheses  incapable  of 
demonstration  and  explanation ;  still  a  theory  must  be  regarded 
as  more  perfect  the  less  it  stands  in  need  of  such  undemon- 
strable  assumptions.  The  mechanical  theory  of  heat,  accord- 
ing to  the  present  view  of  it,  rests  upon  two  propositions  of 
this  sort.  The  first  (named  after  Mayer  and  Joule)  is  no 
other  than  the  universal  principle  of  the  Conservation  of 
Energy,  in  its  application  to  heat. 

The  second  proposition  (that  of  Carnot  and  Clausius)  cannot 
be  expressed  so  simply,  or  be  so  readily  fitted  into  the  frame- 
Avork  of  a  general  physical  principle,  as  the  first-mentioned. 
This  second  proposition  is  formulated  by  Clausius  as  followsf  : — 

"  Whenever  a  quantity  of  heat  is  converted  into  work,  and 
the  body  through  Avhich  the  conversion  is  effected  is  finally 

*  Communicated  by  tlae  Autlior.  Translated  from  the  3Iat1tematikm 
JErtekczeseh,  toI.  iy.  1875.  The  original  memoir  Avas  presented  to  the 
Himgarian  Academy  of  Sciences,  May  10,  1875. 

t  Pogg.  Ann.  1854,  vol.  xciii. 
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found  in  its  initial  condition,  another  quantity  of  lioat  must 
sinudtanoously  jiass  from  a  liottcr  into  a  colder  body  ;  andtho 
amount  of  tlio  latter  ([uantity  of  lieat  in  j)ro])ortion  to  tho 
former  depends  only  on  tho  temperatures  of  the  two  bodies 
between  which  it  passes,  and  not  upon  the  nature  of  the  body 
through  which  the  transformation  was  effected." 

Clearly  a  })ro})0.sition  so  com])licated,  however  accordant 
with  the  facts  of  experience,  caimot  be  accepted  as  a  simjJo 
axiom.  Hence  physicists  were  obliged  to  seek  an  hypotluisis 
that  could  be  more  easily  ex[)ressed,  more  distinctly  repre- 
sented, than  the  Second  Pro})osition,  and  from  which  the  latter 
could  then  be  strictly  deduced  mathematically.  In  fact  a 
series  of  such  axioms  for  the  deduction  of  the  (Second  Propo- 
sition have  been  found. 

Let  us  consider  these  in  the  order  in  which  they  have  suc- 
cessively been  proposed.  For  the  facility  of  our  survey  wo 
will  arrange  them  in  two  grou]ys.  The  first  comprises  those 
assumptions  which  refer  to  the  behaviour  of  heat  as  an  agent, 
without  entering  in  detail  into  the  nature  of  the  motion  which 
we  name  heat ;  while  the  second  group  comprises  those  hypo- 
theses which  relate  to  the  nature  of  the  motion. 

To  the  group  of  thermic  hi/potheses  belong  : — 

(1)  Clausius's  axiom,  pro})osed  by  him  in  his  fundamental 
memoir  (read  in  February  1850  before  the  Berlin  Academy), 
and  afterwards  more  completely  presented  *  : — "Heat  cannot  of 
itself  pass  out  of  a  colder  into  a  hotter  hodyy 

(2)  Thomson's  axiom  f,  which  reads  thus  : — "It  is  impossible, 
through  the  action  of  dead  matter,  to  ohtain  mechanical  icork  hi/ 
cooling  any  natnrcd  sid>stance  heloiv  the  temperature  of  the  coldest 
of  the  surronnding  ohjectsy 

(3)  Clausius's  second  hypothesis,  exj^ressed,^  in  his  memoir 
relative  to  disgregation |,  as  follows: — "The  mechanical  loork 
tohich  heat  can  perform  in  any  change  of  arrangement  of  a 
body  is  p)ropoHional  to  the  absolute  temperature  at  ivhich  the 
change  takes  jilace.'^ 

(4)  Belpaire's  axiom §,  viz.: — "If  the  temperature  be  infi- 
nitesimal, the  quantify  of  energy  converted  into  icork  by  an  iso- 
thermal transformcdion  must  likewise  be  infnitesimcd.'''' 

Tliese  are  the  thermic  hy|Dotheses  which,  to  my  knowdedge. 
have  been  proposed  for  the  derivation  of  Carnot  and  Clausius's 
principle.  The  second  group  comprises  the  dynamic  hypotheses 
proposed  for  the  same  purpose,  viz.  : — 

(5)  The  h^-pothesis  of  "molecular  vortices,"  set  forth  in 

*  Pog-g.  Ann.  1850,  vol.  Ixxix.  ;  Pliil.  Mag-.  [IV.]  vol.  ii. 

t  Ediulj.  Trans,  vol.  xx.,  aud  Phil.  Mag.  [IV.]  vol,  iv. 

X  Pogg-.  Ann.  1802,  vol.  cxvi.  §  Bull,  de  Bchj.  1872. 
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1850  by  Eankine*,  according  to  wbicli  the  particles  of  bodies 
move  in  circular  currents. 

(G)  The  h;yi5othesis  of  circulating  currents  ("  circulating 
streams  of  any  figure  •whatever"),  developed  likewise  by  Ran- 
kine,  in  1851,  and  considerably  simplified  by  him  in  18551- 

(7)  The  hypothesis  of  periodic  motions,  made  use  of  by 
IBoltzmann,  in  18()(),  in  order  to  deduce  the  Second  Propo- 
sition |. 

(8)  The  hypothesis  of  quasi-periodic  motions,  which  Olausius 
first  advanced  in  1871  §,  and  has  since  more  fully  developed 
in  several  largo  memoirs. 

Of  all  the  above-mentioned  hypotheses,  the  axioms  of  Olausius 
and  Thomson  found  the  most  acceptance,  as  being  the  most 
})lausible. 

But  now  arises  the  question  whether  a  new  hypothesis  is 
needed  for  the  deduction  of  the  Second  Proposition,  and 
whether  it  cannot  be  deduced  with  mathematical  rigour  by 
means  of  the  First  Proposition  alone.  If  this  can  be  done, 
the  theory  of  heat  will  be  really  based  on  a  single  proposition, 
on  the  universal  principle  of  the  conservation  of  energy. 

At  present  this  joroblem  is  not  merely  unsolved,  but  has 
scarcely  been  taken  into  consideration.  As  far  as  I  know", 
only  Rankine  and  Olausius  have  expressed  any  opinion  on  this 
question,  and  the  latter  merely  by  the  way.  Rankine  pro- 
nounces as  follows: — "  Oarnot's  law  is  not  an  independent 
principle  in  the  theory  of  heat,'  but  is  deducible  as  a  conse- 
quence from  the  equations  of  the  mutual  conversion  of  heat 
and  expansive  power"  (Phil.  Mag.  [IV.]  vol.  vii.),  and  adds 
that  he  has  shown  this  in  the  first  part  of  his  treatise.  He 
forgets,  however,  that  in  the  part  cited  he  occupies  a  very 
h}q3othetical  stand-point,  in  that,  inter  alia,  he  defines  tempera- 
ture thus  : — "  The  temperature  is  a  function  of  the  square  of 
the  velocity  of  the  molecular  vortices,  divided  by  the  coefficient 
of  elasticity  of  the  atmospheres  of  the  atoms."  It  was  very 
natural  that  a  deduction  based  on  such  a  complicated  hypothesis 
was  accepted  by  no  one.  Rankine's  consequence  is,  accord- 
ingly, a  mere  assertion,  of  which  he  has  not  furnished  the 
demonstration. 

Olausius  alludes  to  the  above  question  quite  incidentally,  in 
a  lecture  delivered  by  him  at  the  41st  Meeting  of  the  German 
Natural  Philosophers  and  Physicians,  at  Frankfort.  He  ex- 
presses himself  to  this  effect : — "  Yet  there  is  a  second  prin- 
ciple, Avhich  is  not  yet  contained  in  that  (the  First  Proposi- 

*  Edinb.  Trans,  vol.  xx.  t  Ptil.  Mag.  [IV.]  vol.  sxx. 

X  Sitzungshenchte  der  Wimer  Ahademie,  vol.  liii. 
§  Pogg.  Ami,  vol,  cxlii. 
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lion),  but  requires  a  special  demonstration,  and  Avliicli  is 
equally  important  with  the  other,  bccauso  it  is  only  the  combi- 
nation of  the  two  that  can  form  a  complete  basis  for  the  mecha- 
nicjd  theory  of  heat." 

It  is  evident  that  Clausius's  statement  directly  contradicts 
the  assertion  of  Rankine.  The  latter  maintains  that  the  Second 
Proposition  can  be  deduced  from  the  First ;  Avhilo  Clausius  says 
that  the  Second  is  not  contained  in  the  First. 

The  purpose  of  the  jn-esent  paper  is  to  examine  this  important 
question,  and  to  prove  that,  without  any  further  hypothesis, 
the  Second  Proposition  can  be  deduced  direct  from  the  First. 


Every  material  body  can  be  regarded  as  an  ao;sreo;ate  of  an 
immense  number  of  material  points,  which,  under  the  influ- 
ence of  internal  and  external  forces,  move  accordinti;  to  certain 
unknown  laws.  We  will  not  bind  ourselves  to  any  hypothesis 
concerning  the  nature  of  this  int(n-nal  motion  ;  our  sole  and 
single  assumption  shall  be  that  the  particles  are  not  at  rest, 
but  in  some  kind  of  motion. 

To  characterize  this  motion,  or,  in  other  words,  to  determine 
the  thermic  condition  of  a  body,  it  is  known  that  two  indepen- 
dent variables  are  necessary.  Let  them  be  denoted  by  f  and 
r) ;  then  the  state  of  the  body  remains  unaltered  so  long  as 
neither  f  nor  77  changes  ;  but  as  soon  as  either  ^  or  rj  or  both 
together  undergo  a  change,  the  state  of  the  body  in  question 
changes  at  the  same  time- 
As  long  as  the  thermic  condition  of  a  body  remains  un- 
changed, so  long  do,  according  to  my  conception,  the  total 
living  force  (T)  hy  itself,  and  the  total  jyotential  energy  (U)  hy 
itself,  remain  constant. 

If,  therefore,  the  state  of  the  body  is  given  by  the  two  inde- 
pendent variables  ^  and  rj,  then,  as  long  as  8^=0  and  877  =  0, 
in  like  manner 

aT  =  0 (1) 

and 

8U=0 (2) 

Let  the  mass  of  any  material  point  whatever  of  the  body  be 
m  ;  further,  at  the  time  t=-0  let  .r,  y,  z  be  its  rectangular  co- 
ordinates, x' ,  y' ,  z'  the  components  of  the  velocity,  and  x" ,  y" , 
7^'  the  acceleration-components.  Already  in  the  first  instant 
— say,  after  the  time  Zt,  the  position,  velocity,  and  acceleration  of 
the  point  will  be  different,  viz.  x  +  S.i* . . . ,  x'  +  hx' . . . ,  x"  +  hx" . 
But,  from  equation  (1),  must 

8T=2»K.f'8y+y8y+y8y)=o;  ....   (1a) 
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and,  according  to  equation  (2), 

SU=-Sm(.?/^S.r+y%  +  ^'8c)  =  0.     .     .     .     (2  a) 

By  forming  the  two  latter  equations  "vve  readily  obtain  a  re- 
lation between  the  time-variations  and  the  variations  of  the 
coordinates;  for  if  (1a)  and  (2  a)  be  multiplied  hj  dt  and 
added,  we  shall  have 

2m(yS,r'  +  .  . .  .-y%— . . .  .).//  =  (), 

or,  in  accordance  with  the  signification  of  ./  and  .t*'', 

'%m{d.vhx' +  . . .  .-d.c'Bx-. . .  .)  =  (). 
Now 

dy8  =  d.c{,r'd.c)-,v'dB.v; 

consequently 

%m(dAu/  +  ....  +  ySdx  +  ....)  =  dXm{x'Bx  +  ....)• 
Further, 

d.cBy  +  ,c'8dx  =  8{./dx)  =  S(.i'-VO  I 

consequently 

dXm{./B,v  + . . .  .)  =  B{2Tdt). 

As  long  as  the  state  of  the  body  remains  constant,  T  also  is 
constant ;  consequently,  after  indefinite  integration, 

'2m{,i/S.v  +  .  . .  .)  =  2T8t+  constant. 

But  now,  for  Bt  =  0, 

B,:  =  0 ; 

consequently 

^m{./Bx  +  7yB>/  +  z'Bz)  =  2TBf (3) 

Equations  (1),  (2),  and  (3)  remain  valid  so  long,  and  only 
so  long,  as  the  state  of  the  body  is  unaltered. 

II. 

We  will  now  pass  to  the  consideration  of  the  changes  of 
state. 

Let  the  initial  state  of  the  body  (the  state  before  the  change) 
be  defined  by  the  constants  ^o  ^nd  tjq.  Let  the  coordinates  of 
any  particle  7n  in  the  instant  ^  =  0  be  .Vq,  y^,  Zq  ;  the  velocity- 
components,  iX''o,  ^0)  -'o  j  tli6  total  vis  viva,  Tq  ;  and  tho  total 
potential  energy,  Uq.  If  the  state  of  the  body  were  to  remain 
unchanged,  then  equations  (1),  (2),  and  (3)  would  continue 
to  hold  good. 

But  now,  fcom  the  time  f  =  0  onward,  we  will  convey  to  the 
body  successive  quantities  of  enevgj.     In  consequence  of  this. 
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the  vis  viva  and  potential  onoroy  of'tlio  body  will  bo  augniontcd, 
and,  in  general,  external  Avork  will  bo  done.  In  the  niea.siiro 
in  which  we  add  more  and  more  energy  to  the  body,  the  state 
becomes  also  more  and  more  changed.  Assnmo  that  the  series 
ol"  successive  changes  is  regulated  in  such  maniier  that  the  con- 
dition-variables satisfy  at  every  instant  the  ecjuation  7;  =  /'(^), 
or,  in  other  terms,  that  the  succession  of  the  changes  of  state 
(say,  the  jiatli  of  the  state)  is  given  by  the  function/.  AVo  will 
continue  the  importation  of  energy  imtil  the  condition-variables, 
corresponding  to  the  relation  ri=if{^),  take  the  values  fj  and 
rji.  Let  the  (piantity  of  imjiorted  (>nergy  be  then  Q.  With 
the  cessation  of  the  importation  of  energy  change  of  stale 
ceases  also  ;  henceforward  the  A'ariables  ^^  and  771,  and  with 
them  the  vis  viva  Ti  and  potential  energy  Ui,  retain  their  pre- 
sent values. 

We  have,  consequently,  conducted  the  body  in  a  definite 
manner  from  the  initial  state  (^u'?u)  hito  the  final  one  (fi^i), 
and  meanwhile  conveyed  to  it  the  energy  Q.  Given  the  initial 
state  (^o''7o)j  fi»«'^  state  (^i^;!),  and  the  path  of  the  changes  of 
state,  the  total  energy  Q  to  be  conveyed  to  the  body  is  also  un- 
ambiguously determined.  Whether  the  importation  of  energy 
takes  place  more  quickly  or  more  slowly,  the  sum  of  the  im- 
ported energy  remains  unchanged,  if  only  the  initial  point,  the 
end-point,  and  the  nature  of  the  path  remain  unaltered  ;  in 
other  words,  the  initial  and  final  states  and  the  path  of  the 
changes  comj)letehj  determine  the  total  energy  Q  to  he  imported ; 
iL'hIle  the  duration  of  the  transition  is  not  determined  thereby. 
With  the  same  Q  the  duration  of  the  transition,  corresponding 
to  the  mean  velocity  of  the  importation  of  energy,  may  take 
any  value  Avhatever  between  0  andco.  Let  the  duration  be 
denoted  by  t.  The  length  of  this  duration,  or  the  value  of  t, 
depends  entirely  upon  how  we  fix  the  mean  velocity  of  the  im- 
portation of  energy  ;  consequently  the  choice  of  what  the 
magnitude  of  t  shall  be,  is  entirely  at  our  disposal. 

Let  ns  now  conduct  the  body  from  the  same  initial  state, 
(^o'?o)  hito  the  same  final  state  (fi»?i),  but  so  that  the  present 
series  of  changes  (the  second  path  of  the  state)  shall  be  only 
infinitesimally  different  from  the  just-descril)ed  series  (the  first 
path) — that  is,  so  that  the  form  of  the  function/  in  the  equa- 
tion rj  =  f(^)  nndergoes  an  indefinitely  little  alteration.  The 
importation  of  energy  noAv  connnences  not  at  the  instant  ^  =  0, 
but  the  infinitesimal  time  St  later.  Hence  the  coordinates  of 
the  particles  m  at  the  commencement  of  the  present  change  of 
state  will  be  no  longer  .ro,  yo,  Zq,  but  different  by  S.Cq,  By,,,  Sc^ ; 
and  the  same  will  be  the  c^asewith  the  conqionents  of  the  velo- 
city and  acceleration.     But  during  this  time  Bt  the  state  of  the 
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body  has  remained  unehanged ;  so  tliat  equation  (3)  still  re- 
tains its  A^alidity ;  consequently 

2m'(.^''oS.^•o+/o5yo  +  -'oS~o)  =  2ToS^ (4) 

At  tlie  end  of  the  time  ht  the  conveyance  of  energy  com- 
mences, corresponding  to  the  former  in  such  sort  that  the  hodr/, 
after  an  equal  jyeriod  t,  ai'rives  at  the  same  final  state  as  hi/  the 
jirst  2)ath.  Let  the  total  quantity  of  energy  now  connnuni- 
cated  1)6  accordingly  Q  +  SQ. 

On  the  second  path,  where  the  change  of  state  began  8t 
later,  it  will  also  end  Bt  later — that  is,  at  the  instant  t  +  8t. 
At  this  instant  the  cooi-dinates,  velocities,  and  acceleration- 
components  are  not  the  same  {xi . . . ,  x\. . .,  o/\  . . . )  as  they 
were  at  the  end  of  the  first  transition,  at  the  instant  t,  but  dif- 
fering from  them  by  Sa^  . . . ,  S.c'j . . . ,  and  Sx'^  But  now,  on 
the  one  hand,  ,Vi . . . ,  and,  on  the  other,  .Tj  +  Sa*i . . .  represent 
the  coordinates  of  the  same  particle  in  the  same  state,  and  only 
so  far  differ  from  one  another  that  the  first  correspond  to  the 
instant  t,  and  the  latter  to  the  instant  t  +  Bf.  Therefore  equa- 
tion (3)  is  applicable  to  these  variations  also ;  that  is, 

Xm(,v\B,v,+i/\B>/,  +  z\Bz,)=:2T,.Bt.    ...     (5) 

III. 

Equations  (4)  and  (5)  refer  only  to  the  commencement  and 
termination  of  the  change  of  state,  and  cannot  be  applied  to 
the  entire  course  of  the  transition.  We  must  seek  another  re- 
lation, one  which  remains  valid  at  any  and  every  stage  of  the 
alteration. 

We  will  assume  that  on  the  first  path  the  body,  during  the 
time  T,  has  arrived  at  a  certain  state  (fiy),  which  we  will  briefly 
designate  by  the  name  "  state  Ai."  In  this  state  let  the  total 
vis  viva  be  T,  the  potential  energy  U,  and  the  coordinates,  ve- 
locities, and  acceleration-components  of  the  particle  m  hex ... , 
cd . . . ,  and  a^' . . .  . 

On  the  second  path  the  body  comes  in  the  course  of  the  time 
T  (therefore  in  the  instant  r-vBi)  into  a  certain  state  (f +6^, 
77  +  S77),  which  we  will  name  "state  Ag."  The  quantities  be- 
longing to  A2  differ  only  by  their  variations  from  those  Avhich 
belong  to  Aj.  The  particle  m  is  now  not  in  the  position  .r . . . , 
but  removed  Bx  from  it ;  and  in  like  manner  the  velocity-  and 
acceleration-components  have  suffered  an  infinitesimal  variation 
Bst^...,Bx^'. 

Let  us  now  determine  how  much  energy  must  be  commu- 
nicated to  the  body  to  conduct  it,  following  the  path  denoted 
by  the  displacements  Bx^  Bt/,  Sz,  out  of  state  Ai  into  state  Aj. 
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If  Se  is  tho  amount  of  energy  sought,  then 

or  also 

multiplying  by  dt,  and  taking  into  consideration  tho  significa- 
tion of  .c'. . . ,  x". . . ,  we  find 

Se .  dt  =  'Zm((LvBy  +  ...  -d.v'S.v-  . . .  )• 
Bv  simple  transformations  we  get 

Be .  dt  =  8^m(x'dx  +  ...  )-dl.m{x'8x  +...). 

Integrating  this  equation  between  the  limits  corresponding  to 
the  initial  and  final  states,  we  have 

('8e.dt  =  BCxm(x'dx+  . .  .)-'S,{x'^Sx^+  ...) 
Jo  Jo 

+2m(./o^.t'+  . .. ). 

Transforming  the  integral  on  the  right-hand  side,  taking  into 
account  equations  (4)  and  (5),  gives 

Tse .  dt  =  28  (^Tdt  -  2T^8t  +  2ToBt. 

Jo  Jo 

As  Ti  and  Tq  are  constant,  the  equation  can  also  be  written 
thus — 

('Be.dt  =  28(\T-T,  +  To)dt (6) 

»^o  Jo 

In  a  definite  actually  effected  passage  out  of  (^o^o)iwto(^i7;i) 
the  quantity  of  energy  is  a  certain  function  of  the  time.  The 
2)assagc,  hoicever,  from  the  same  initial  to  the  same Jxnal  state, 
hy  the  same  path,  can,  tvith  respect  to  time,  he  executed  quite 
arbitrarily ;  consequently  8e  is  a  different  function  of  the  time, 
according  to  the  velocity  of  the  importation  of  energy.  By 
suitably  selecting  this  velocity,  any  indefinitely  small  value 
whatever  may  be  assigned  to 

8e .  dt. 

'0 

Let  the  velocity  of  the  importation  of  energy  be  such  that 
the  period  of  the  transition  shall  satisfy  the  following  equation 
of  condition — 

8e.dt=t.8Q, 

'  0 

where  8Q  signifies  the  amount  to  which  more  energy  Avould 
be  required  by  the  transition  on  the  second  path  than  by  the 
transition  on  the  first  path. 
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To  distinguish  this  period  thus  defined  from  the  former  arbi- 
trarv  one,  we  will  designate  it  by  i;  then 

\  ?>€.dt=iBq, (7) 

and 

{SQ=28|''(T-Ti  +  Toy^; 

or,  T  denoting  the  mean  value  of  T  during  the  time  ?",  and 
putting  for  shortness 

T-Ti  +  To  =  €:, 
Ave  ha^'o 

and  hence 

§=2SlogO-€:) (8) 

This  equation  agrees  perfectly,  in  form,  with  that  to  which, 
in  a  former  memoir*,  I  reduced  Hamilton's  principle.  I  then 
started  from  the  hypothesis  that 

X7n{:i'\Sd\  +  ...)  =  2m(A'^oSa'u  +  ...). 

If  we  drop  this  hvi:)othesis,  we  see  that  the  quantity  C  takes 
the  place  of  the  T  which  occurs  in  the  equation  mentioned.  In 
the  present  deduction  the  other  limiting  assumption  is  also  set 
aside,  viz.  that  the  actino-  forces  have  a  force-function. 

Equation  (8)  specifies  how  much  energy  nmst  be  conveyed 
to  the  body,  in  order  that,  instead  of  the  path  ri=f{^),  it  may 
folloAV  another  deviating  indefinitely  little  from  this.  The 
same  equation  (8)  we  also  apply  to  the  case  in  which  we  seek 
the  amount  of  the  energy  which  must  be  conveyed  to  the  body 
in  order  that  it  may  pass  out  of  a  given  state  {^rj)  into  another 
state  infinitesimally  different  (^  +  f/|,  rj  +  drj).  In  correspond- 
ence with  this,  w^e  substitute  for  the  symbol  of  variation  the 
ditferential-symbol,  and  write 

^^=2./log(;C) (9) 

So  long  as  the  body  continues  in  the  same  state,  (7Q  =  0, 
and 

C  =  T-T  +  T=:T. 

C  being  constant,  i  must  also  be  constant.  For  each  determi- 
nate {^r])  state  of  the  body,  C  and  i  have  a  certain  determinate 
Value,  which  remains  constant  as  long  as  the  body  is  in  the 

*  "Pogg.  Ami.  vol.  cxlv.  p.  300 ;  Phil.  Mag.  [IV.]  vol;  xliii.  p.  339. 
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sjimo  state.  In  another  state,  z  and  Chavo  other  valii(\<,  wliicli 
again  are  constant  as  long"  as  the  now  state  is  nnelianged. 

It"  the  intinitesinial  miantity  of  energy  (/Q  be  conveyed  to 
the  bodv;  the  varmbles  C  =  T  and  i  change  also  iufiuitesimally ; 
consequently 

C=T-(T  +  fZT)  +  T; 

and  recollecting  that  in  this  case  T  also  can  only  be  infinitosi- 
mally  dilterent  from  T,  -sve  obtain,  for  an  infinitesimal  change 
of  state, 

C  =  T, 

wherein,  for  each  element  of  energy  dQ  received,  that  vis  viva 
C=Tmustbe  employed  which  the  body  has  directly  on  the 
reception  of  that  element. 

If  now  we  integrate  equation  (D)  between  the  limits  con-e- 
sponding  to  the  initial  and  final  states,  we  have 

''^Q=21o.(^. 

Extending  the  integral  to  a  complete  circular  process  gives 

'^=0, (10) 

This  equation  corresponds  perfectly  with  the  following, 

'f  =0 (11) 

which  expresses  the  Second  Proposition  for  reversible  circular 
processes.  In  equation  (10)  C  denotes  the  total  vis  rtra  which 
the  body  possesses  directly  on  the  reception  of  the  element  of 
energy  dQ;  in  equation  (11),  T  denotes  the  absolute  tempera- 
ture which  the  body  possesses  directly  it  receives  the  heat-ele- 
ment dQ.  If  it  be  assumed  (as  it  usually  is)  that  the  absolute 
temperature  is  a  quantity  proportional  to  the  total  vis  viva, 
equation  (10)  immediately  changes  into  equation  (11). 

In  the  preceding  considerations  we  have  endeavoured  to  keep 
aloof  from  every  hypothesis,  basing  our  deductions  solely  upon 
the  principle  of  the  Conservation  of  Energy.  We  believe  we 
have  thereby  proved  that  the  fSecond  Proposition  can  be  de- 
duced from  the  First  without  any  further  hypothesis. 

Budapest,  June  15, 1875. 
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V.   On  Duplex  Telegraphy.     By  Oliver  Heaviside.* 

The  Bridge  System. 

THEORETICAL  diagram  of  the  arrangement  of  the 

conductors  for  duplex  telegraphy  by  the  bridge  system 

g  and  g'  are  the  receiving  apparatus,  which 

Fig.  1. 


is  given  in  fisr.  1 


may  be  of  any  kind,/  and/'  the  batteries,  and  a,  b,  c,  a',  h' ,  c' 
are  resistances.  The  letter  attached  to  any  branch  will  be  used 
to  represent  the  resistance  of  that  branch.  The  two  branches 
/and/'  are  preserved  of  constant  resistance  by  mechanical 
means,  whether  the  batteries  are  in  or  out  of  circuit.  The 
object  of  the  above  arrangement  of  conductors  is  to  enable  two 
stations,  A  and  B,  to  signal  each  other  at  the  same  time  through 
a  single  line  without  mutual  interference  ;  and  this  is  accom- 
plished by  adjusting  the  six  resistances,  a,  b, 


c,  a 


\l>', 


)',  so  that 


and 


a  :b  :  :  c  '.X 
a'  '.V  '.  '.  c'  \  y, 


where  x  is  the  resistance  outside  station  A,  i.  e.  the  resistance 
of  the  line  j9/ws  the  resistance  of  station  B's  apparatus,  and  x' 
is  the  resistance  outside  station  B.  When  the  above  propor- 
tions hold  good, /and  g  are  conjugate,  likewise/'  and  g'  \ 
hence  each  station  working  alone  produces  no  current  in  its 
own  receiving  instrument ;  and  when  they  are  both  signalling 
simultaneously,  the  currents  in  the  receiving  instruments  are 
the  algebraical  sums  of  the  currents  which  would  be  separately 
produced  ;  thus  station  A  gets  only  B's  signals,  and  station  B 
receives  A's  signals  alone.  It  is  obvious  without  any  mathe- 
matical demonstration  that  the  above  is  true  whatever  may  be 
the  direction  and  strength  of  the  currents,  provided  only  that 
the  two  conditions  ax  =  bc,  a'x'=b'c'  are  satisfied,  and  that 
these  are  the  sole  necessary  conditions  for  duplex  telegraphy 
when  the  line  has  so  little  electrostatic  capacity  that  the  trans- 
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ient  currents  due  to  that  cause  are  inappreciable.  When  the 
capacity  of  the  line  cannot  be  nofrlectcd,  it  niay  be  perfectly 
balanced  by  distributing  artiticial  capacity  along  the  resistance 
c  with  the  same  uniformity  it  has  along  the  line  ;  and  this  may- 
be approximated  to  by  su})dividing  the  resistance  and  recpxired 
capacity  as  much  as  possible.  If  /  is  the  resistance  and  l^  tiio 
capacity  of  the  line,  and  i\  the  required  capacity,  then  the  con- 
dition of  balance  as  regards  capacity  is  cci  =  Ui. 

Since  each  station  has  throe  adjustable  resistances,  a,  h,  and 
c,  and  they  are  connected  by  the  single  relation  a,v=hc,  it  fol- 
lows that  any  two  of  them  may  be  taken  arbitrarily  and  balance 
made  with  the  third.  Thus  we  may  take  b  and  c  as  indepen- 
dent variables,  and  eliminate  a.  The  question  then  arises,  in 
what  respects  an  arrangement  in  which  the  resistances  b  and  c 
have  particular  values  differs  from  another  in  which  h  and  c 
have  other  values.  There  are  three  principal  differences  :  first, 
the  received  currents  Avill  be  in  general  different ;  next,  the 
balances  Avill  be  of  different  degrees  of  sensitiveness,  so  as  to 
be  more  or  less  affected  by  changes  in  the  resistance  of  the  line  ; 
and,  lastly,  different  amounts  of  artificial  capacity  will  be  re- 
quired to  produce  a  balance  with  respect  to  the  capacity  of  the 
line.  Since  a  duplex  apparatus  is  generally  set  up  for  perma- 
nent use,  it  is  clearly  of  the  first  importance  to  obtain  the 
maximum  current  with  a  given  receiving  instrmnent  and  bat- 
tery. On  cables  this  is  quite  a  minor  consideration,  on  account 
of  the  great  delicacy  of  the  instruments  employed.  But  du- 
plex telegraphy  has  not  hitherto  been  very  successful  on  cables  ; 
whereas  on  land  lines,  where  such  delicate  instruments  would 
be  quite  out  of  place,  and  much  larger  batteries  are  employed, 
the  cost  of  the  current  is  considerable,  and  it  is  desirable  to  get 
as  much  out  of  it  as  possible.  I  shall  therefore  in  the  first 
place  endeavour  to  discover  what  the  actual  magnitudes  of  the 
resistances  a,  b,  and  c  should  be  to  render  the  received  current 
a  maximum, — and  when  that  is  done,  consider  the  sensitiveness 
of  the  resulting  arrangement,  or  its  liability  to  disturbance. 

In  order  to  avoid  useless  complication,  I  shall  suppose  that 
the  line  is  perfectly  insulated,  and  that  the  receiving  instru- 
ment at  each  station  has  the  same  resistance,  and  likewise  the 
battery  at  each  station  ;  i.  e.f=/  and  g=g''  This  is  very 
nearly  fulfilled  in  practice  ;  for  the  same  description  of  instru- 
ment and  battery  is  generally  used  at  each  end  of  a  line.  Then 
symmetry  tells  us  that  the  resistances  a,  h,  c  should  be  the 
same  at  each  station ;  or  rather  there  is  no  reason  why  they 
should  be  different ;  and  besides,  if  Ave  do  not  make  use  of  this 
simplification,  the  problem  will  become  almost  intractable. 

Let  E  be  the  electromotive  force  of  each  battery,  and  G  the 
Phil  Mag,  S.  5.  Vol.  1.  No.  1.  Jan.  1876.  '         D 
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current  eacli  station  receives  from  the  otlior  through  its  recei- 
vincr  instrument  g,  and  let  both  A  and  B  send  the  same  cur- 
rent to  line.  Then,  from  the  identity  of  the  arrangement  at 
each  end,  there  will  he  no  current  in  the  line,  which  may  he 
removt'd  without  influencing  the  currents  in  the  other  conduc- 
tors.    Thus  we  find 

r^  _  E a^^ 

a  +  b+g 
or 

(/+c){b  +  g)  +  a(f+c  +  b  +  gy     *     *     w 

Now  this  expression  for  the  strength  of  the  received  current 
contains  the  constants  E,/,  and  g,  and  the  variables  a,  b,  and 
c.    The  last  two  are  independent ;  but  the  first  is  a  function  of 

all  the  resistances  ;  for  a=  ~,  and 

r  =  U  ^^<'  +-^)  +  ^^-<^  +  ^)  +  ^<9  +  ^)(^  +/)  (.2\ 

'  (y +  ?>)(.+/>  + My +  &  +  .+/)       •       •      ^^> 

This  gives  a  quadratic  equation  for  the  determination  of  x, 

which,  however,  it  is  unnecessary  to  effect.     By  eliminating 

be 
0=  "7  from  (1),  we  have 

n_ EZ;^ ,„. 

{f-\-c){b+gyc  +  bcif+c  +  h+gY     '     '     ^""^ 

We  have  to  make  G  a  maximum  with  respect  to  b  and  c ;  and 

therefore  we  must  have    ,y  = 
do 

the  following  conditions  : — 


therefore  we  must  have  --,7-=  0  and  ~,- =0.      Thus   we   have 
do  dc 


g4f+  c)  -  Pc  =  b(f+  c){b  +  g)  "^ll 

\lr    ^     •     •     •    (4) 

fx{b+g)^bc'  =  c{f^o){b-^gy'£' 

The  only  difficulty  now  lies  with  the  complex  function  a. 

It  would  be  most  natural  to  obtain  .r,  ~,  and  -,—  as  functions 

db  dc 

of  6,  c,  /,  g,  and  /,  and  then  find  the  values  of  b  and  c,  in  terms 

of  the  constants  /",  </,  and  /,  which  make  G  a  maximum.     But 

it  will  be  found  impossible  to  obtain  an  explicit  solution  in  this 

manner,  owing  to  the  high  degree  of  the  final  equations.   How- 
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ever,  a  simple  solution  may  be  obtained  in  terms  of  _/',  f/,  and  ./■, 
the  external  resistance.     Thus,  diflerentiatin<'-  (2)  -with  respect 

to  h  and  then  solving  for  -V,  we  obtain 

(lu 

clv^ {</-Kc  +/)  +  hjc  +  fj)  \ ''  +  c,v(hc-fyy  . 

(lb        i^.r{r/  +  l,){c  +  f)  +  Uii/  +  l>  +  c+f)\'  +  bc{bc-/(/y  '   ^'  ^ 

and  since  the  rioht-hand  side  of  (2)  is  unaltered  by  intor- 

changing /and  p,  and  b  imdc,  we  can  find  -^  by  making  these 

changes  in  (5).     Thus 

c/c       i^.r{g  +  b){c+f)  +  bc{g  +  b  +  c+f)y  +  bc{bc-fgf     ^  ^ 

Equations  (4),  (5),  and  (6)  must  now  be  manipulated  to 
obtain  b  and  c  in  terms  of  /",  g,  and  .v.  After  going  through 
the  usual  algebraical  drudgery,  which  it  is  unnecessary  to  give 
here,  we  obtain 

whence  /         v  / 

It  will  be  found  that  these  values  of  a,  b,  and  c  make  the 
received  current  a  maximum  with  any  given  battery,  receiving 
instrument,  and  line.  The  strength  of  the  received  current  is 
then 

E 

01-,  which  is  the  same, 


a  +  b  +  c  +f+g  +  d' ^hK/l  +  f  \  A 
^9         ^  / 

It  will  be  observed  that  in  the  above  solution  (7)  one  of  the 
resistances  («)  is  independent  of  :c,  and  is  the  same  for  all  lines 
with  the  same  receiving  instrument  and  battery.  Since  ba- 
lance is  always  obtained  in  practice  by  adjusting  one  of  the 
resistances,  say  c,  it  follows  that  only  the  other  two,  a  and  b, 
need  be  calculated.  This  is  readily  done  for  a  ;  but  for  b  it  is 
more  difficult,  since  a  cannot  be  simply  expressed  in  terms  of 

D2 
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/,  r/,  and  /,  tlio  equation  to  dctorniino  it  being  of  the  sixth 
degree,  viz. 

(J'^g^x+  V/^)  v(.r+/)(.^.+^)  +  (2.^•+/+i?)(^/¥+  ^^9) 
Tliis  theoretical  difficulty,  liowever,  is  of  no  [)ractical  im- 
})ortance,  since  the  vahie  of  x  can  he  determined  as  closely  as 
necessary  in  the  very  act  of  adjusting  the  instruments  for  du- 
plex working  for  the  first^  time.  For  long  lines,  x  may  be 
considered  equal  to  /  +  \/fg.     It  is  actually  rather  greater. 

The  next  thing  to  be  considered  is  to  what  extent  this  ar- 
rangement is  liable  to  disturbance  from  variations  in  the  resist- 
ance of  the  line.  Now,  as  I  have  shown  in  a  former  paper 
(Phil.  Mag.  Feb.  1873),  the  values  of  o,  h,  and  c,  which  make 
the  most  sensitive  balance  for  measuring  a  resistance  x  w^ith  a 
battery  of  resistance  /  and  galvanometer  of  resistance  g,  are 
precisely  the  same  as  those  given  in  equations  (7)  above  as 
giving  the  maximum  current  in  duplex  working.  We  are 
thus  at  once  led  to  the  conclusion  that  the  arrangement  of 
Wheatstone's  bridge  for  duplex  telegraphy  Avhich  gives  the 
maximum  received  current  at  both  stations,  is  also  the  arrange- 
ment which  is  most  easily  disturbed  by  variations  in  the  resist- 
ance of  the  line.  We  may  show  this  otherwise.  When 
a  '.h  :  '.  c  '.X,  station  A,  when  sending  alone,  produces  no  cur- 
rent in  his  instrument.  Let  now  the  external  resistance  x  be 
changed  to  x' ,  then  A  sending  alone  will  produce  a  current  Cj 
in  his  instrument,  of  strength 

mc{x^-x) 


c,= 


h{c  +  x)  +  x{c  +  x') 


j      b{c  +  x){c  +  x')  \j     .(/>  +  . >0(A  +  .rO      ,,.r 

I  h{c  +  x)  +  x{c  +  x')  ^^'  }\  h{c  +  x)  +  x{c  +  x')  "^'^  J 


-i 


2 


hc{x'-x)         X 
h{c-\-x)^-x{c-\-x')  i 

If  another  arrangement  be  made  in  which  h  and  c  are  altered 
to  U  and  of ,  and  the  current  be  noAV  Cg,  then  Cg  may  be  found 
by  changing  h  into  h'  and  c  into  c'  in  the  expression  for  Ci ; 

and  the  ratio  T^wdien  ./—.?•  is  small  will  express  the  relative  sen- 

sitiveness  of  the  two  arrangements.  In  the  limit,  when ./ — x — 0, 
we  have 

he 

Ci_     {K<^  +  ^c)+g{h^x)\  i^c{hJrx)+f{c  +  x)\ 

O2 llc^ ' 

{h'{c'^x)-Vg{b'+x)\  i^c\h'  +  x)+f{c'-\-x)\ 
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from  Avliich  wo  see  that  the  sensitiveness  of  any  exact  balance 

to  distiirbanc'os  in  the  resistance  of  the  line,  either  in  duplex 
working  or  in  testing,  is  proportional  to 

he . 

and  this  expression  is  a  niaxinunn  when  h  and  t'  have  the  values 
given  in  (7)  above. 

Hence  it  is  perfectly  hoiieloss  to  find  any  arrangement  of 
AVheatstone's  bridge  for  duplex  telegraphy  which  shall  give 
the  maximum  received  current  at  both  stations  and  at  the  same 
time  be  least  liable  to  disturbance.  Generally  speaking,  the 
more  sensitive  the  balance  the  stronger  the  received  current. 

Since  .r,  the  resistance  external  to  one  station,  includes  the 
resistance  at  the  other  station,  any  alteration  of  adjustment  at 
one  station  Avill  theoretically  cause  a  disturbance  in  the  other 
station's  balance ;  and  it  is  true  that  an  infinite  series  of  suc- 
cessive adjustments  must  be  made  by  each  station  to  reobtain 
an  exact  balance  whenever  balance  is  disturbed.  But  these 
alterations  are  so  excessively  small  that  practically  they  have 
no  existence.  By  making  hc^^fy  and  adjusting  solely  by  the 
resistance  a,  each  station's  balance  becomes  independent  of  the 
other's  ;  but  this  is  introducing  a  greater  difficulty  to  avoid  a 
lesser  and  inappreciable  one,  since  to  keep  he  =fg  frequent  mea- 
surements would  have  to  be  made  of/,  the  battery-resistance,  a 
variable  quantity ;  and  besides,  such  an  arrangement  would  not 
give  the  maximum  current,  as  is  evident  from  equations  (7). 

The  above  investigations  apply  to  any  instrument,  battery, 
and  line,  and  therefore  admit  of  immediate  practical  application 
in  any  particular  case.  Tliere  are,  however,  two  principles 
frequently  made  use  of  by  theoretical  writers  on  electric  cir- 
cuits : — first,  that  if  the  space  to  be  filled  with  w^re  in  a  galva- 
nometer or  relay  is  fixed,  the  greatest  strength  of  signal  is  ob- 
tained when  the  wire  is  of  such  a  size  that  its  resistance  equals 
the  external  resistance :  and  next,  that  if  the  quantity  of  me- 
tallic surface  of  a  battery  is  fixed,  and  also  the  distance  between 
the  plates  in  each  cell,  to  obtain  the  maximum  current  the  cells 
should  be  of  such  a  size  that  the  total  resistance  of  the  battery 
equals  the  external  resistance.  These  principles  do  not  often 
admit  of  practical  application  in  telegraphy ;  but  we  may  just 
see  to  what  they  lead  us  when  we  apply  them  to  duplex  work- 
ing with  the  bridge.  We  shall  have  the  following  equations 
to  determine  /  and  g  : — 

a-^-3^(.f+/)  +  2  N/^(.r  +  ./)  =  0, 
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Either  of  these  equations  by  itself  can  be  made  use  of  to  de- 
termine g  when/ is  constantj  or/ when  g  is  constant.  When 
they  are  combined,  ayo  have 

Now,  althouo;]i  this  result  can  be  applied  to  the  construction 
of  instruments  lor  testing  purposes  where  x  is  constant,  there 
is  one  insuperable  difficulty  that  prevents  its  use  in  duplex 
workino- ;  and  that  is,  x  becomes  infinite.  We  can  only  con- 
clude that  the  finer  the  wire  of  the  relay  and  the  greater  the 
number  of  convolutions,  the  smaller  the  cells  are  made,  and  the 
greater  their  number,  the  greater  will  be  the  strength  of  the 
signals — a  fact  which  might  be  safely  predicted  without  mathe- 
matical examination. 

A  comparison  of  the  strength  of  the  received  current  in 
ordinary  single  working  and  duplex  working  with  the  bridge 
will  be  interesting.    In  single  working  the  received  current  is 

7^= ("> 

and  in  duplex  working,  when  the  arrangement  is  such  as  to 
give  the  maximum  current,  its  value  is  given  in  equation  (8) 
above  as 
(.^ E 

where  x  is  the  external  resistance,  rather  greater  than  I  +  •Jfg. 
AVhen  I  is  very  great  compared  with  /  and  (/,  these  expressions 
(8)  and  (9)  are  nearly  equal,  the  duplex  current  being  a  little 
less  than  the  other.  (In  the  extreme  case  /=0,  (7  =  0,  they 
are  identical.)  Numerical  comparison,  taking  the  most  gene- 
ral values  of /and  g  occurring  in  practice,  will  show  that  the 
duplex  current  is  about  one  half  or  one  third  the  strength  of 
the  current  obtained  when  the  same  instruments  and  batteries 
are  used  for  single  working ;  so  that  in  general  more  than 
double  the  electromotive  force  will  be  required  to  obtain  sig- 
nals of  the  same  strength  in  both  cases. 

The  third  principal  difference  between  one  arrangement  of 
the  bridge  and  another,  viz.  that  different  amounts  of  artificial 
capacity  are  required,  is  of  some  importance  as  regards  cables. 
Condensers  of  large  capacity  are  such  cumbrous  and  expensive 
affairs,  that  the  smaller  the  artificial  capacity  can  be  conve- 
niently made  the  better.     Now  Cj,  the  required  capacity,  equals 

-Zj,  where  /i  is  the  capacity  of  the  line  ;  consequently,  to  make 
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Ci  as  small  as  possible,  c  must  be  as  largo  as  possible  ;  and  this 
will  occasion, a  great  loss  ot"  working  current.  This,  however, 
will  be  of  littlt^  consequence  with  the  delicate  instruments 
used  on  cables,  if  ever  duplex  telegraphy  is  successful  on  them. 

The  Differential  Sydem. 

Any  instrument  may  bo  used  in  the  bridge  system  without 
alterations  being  made  ;  but  in  tho  differential  system  tho 
coils  must  be  ilitforentially  Avound,  or  some  equivalent  device 
employed,  so  that  two  currents,  one  passing  through  each  coil, 
may  annul  each  other's  action  on  the  magnet  or  cores  within 
them.  On  the  other  hand,  only  one  balancing  resistance  is 
required,  instead  of  the  three  in  the  bridge  system.  The  fol- 
lowing diagram  (fig.  2)  is  a  theoretical  view  of  the  dift'erential 

Fisr.  2. 
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system.  </,  cj  at  station  A  and  f/',  (J  at  B  are  the  coils  of  the 
receiving  instruments,  /  and  /'''  the  batteries,  and  x^  x'  tho 
balancing  resistances.  AYe  shall  suppose,  as  is  usually  the 
case,  that  /"=/'  and  fj'=g' -  To  find  the  strength  of  the  signals 
each  station  receives  from  the  other,  let  both  send  the  same 
current  to  line ;  then,  from  the  identity  of  the  arrangement  at 
each  end,  there  will  be  no  current  in  the  line,  in  the  right-hand 
coil  at  station  A,  and  in  the  left-hand  coil  at  B.  Therefore,  if 
S  is  the  strength  of  the  signal, 

8=-.-^, (10) 

where  E  is  the  electromotive  force  of  the  battery,  m  the 
strength  of  signal  produced  by  the  unit  current  circulating 
through  a  single  coil  of  the  receiving  instrument,  and  a- the 
external  resistance.     The  value  of  x  is 


(11) 
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or 


.r=:i{/4-  v/(/  +  2r/)(/  +  2i/  +  4/[. 


Ill  single  working  with  the  same  instruments  and  batteries 
the  strength  of  the  signals  is 

/+2i/+/' ^^^^ 

■vvlien  the  current  passes  through  both  coils  in  succession. 
When  /',  the  battery  resistance,  is  very  small,  "sve  see  from  (10) 
and  (12)  that  the  strength  of  the  signals  in  duplex  working  is 
nearly  one  half  their  streno;th  in  single  working  with  the  same 
instruments,  since  x  is  a  little  greater  than  l+g. 

Since  there  is  only  one  balancing  resistance  at  each  station 
in  this  system,  there  is  only  one  arrangement  possible  with  a 
given  receiving  instrument  and  battery,  leaving  out  minor  de- 
tails. We  may,  however,  inquire  what  the  resistance  of  the 
instrument  should  be  to  obtain  the  strongest  signals  on  the 
supposition  that  the  space  to  be  filled  with  wire  is  fixed.  In 
such  case  m  will  vary  as  the  square  root  of  g,  and 

Therefore  for  S  to  be  a  maximumj  we  must  have 

/+,+.=2,(l+|); 

and  we  find  from  (11) 

dx  _{f+g  +  xf-\-f\ 

dg~{f+U  +  ^ry-r' 
therefore  

f/=.i|-(.r+/)+v/(/-+2^)2  +  4/4  .     (13) 
is  the  best  resistance  for  each  coil  of  the  receiving  instrument. 

When/=0,  g=  o'     Now  (13)  is  identical  with  Weber's  for- 
o 

mula  for  the  resistance  of  each  coil  of  a  differential  galvano- 
meter to  obtain  the  maximum  sensitiveness  at  a  balance ;  thus 
again  we  see,  just  as  in  the  bridge  system,  the  arrangement  in 
which  both  stations  get  the  strongest  signals  is  also  the  most 
sensitive  balance,  and  most  liable  to  disturbance  from  varia- 
tions in  the  external  resistance. 

Weber's  formula  (13)  admits  of  considerable  simplification 
if  we  arrange  the  battery  so  as  to  obtain  the  maximum  current, 
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by  making /=  ^-s— •     We  then  have 

X      J,     3.1' 

as  the  ))est  resistances  for  each  coil  and  the  Lattery.  Now 
although  this  admits  of  application  in  testing  with  the  differ- 
ential galvanometer  (when  x  is  constant),  yet  it  cannot  ho 
applied  to  duplex  working,  since  x  becomes  infinite,  which 
may  receive  an  interpretation  similar  to  that  in  the  correspond- 
ing case  of  Wheatstone's  bridge. 

It  is  an  interesting  practical  question  whether  with  a  given 
instrument  and  battery  it  is  possible  to  obtain  stronger  signals 
by  the  bridge  than  by  the  differential  system.  To  make  the 
comparison  fairly,  in  the  former  case  the  arrangement  must 
give  the  maxinnim  current.  In  the  differential  system  the 
strength  of  the  signal  is  (10) 

Em 


f+g^x' 
and  in  the  bridge  system 


2E„>  _  ^j^^ 


which  is  obtained  from  (8)  by  changing  g  into  2^  and  multi- 
plying by  2»t.  In  (10)  and  (14)  x  has  not  the  same  significa- 
tion ;  but  the  difterence  is  not  great.  Effective  comparison 
can  easily  be  made  numerically  in  any  particular  case.  As 
general  results,  we  may  say  that  when  /  and  g  are  very  small 
in  comparison  with  /,  the  advantage  is  in  favour  of  the  bridge 
svstem ;  but  when  /'  and  g  are  taken  larger,  the  advantage 
becomes  rapidly  in  favour  of  the  differential  system.  It  may 
also  be  observed  that  in  the  latter  the  strength  of  signal  is 
always  less  than  one  half  the  strength  when  the  same  instru- 
ments are  used  for  single  working,  whereas  in  the  former 
system  the  strength  of  the  signal  may  be,  but  generally  is  not, 
more  than  one  half. 

If  the  practical  success  of  duplex  telegraphy  were  dependent 
on  the  continuous  maintenance  of  an  exact  balance  at  each 
station,  then  would  duplex  telegraphy  exist  only  on  paper. 
The  variations,  sometimes  large  and  rapid,  which  are  always 
taking  place  in  the  resistance  and  insulation  of  overland  wires 
would  necessitate  such  frequent  changes  of  the  balancing  re- 
sistances as  to  render  efficient  working  the  exception  rather 
than  the  rule.     But  it  is  found  practically  that,  instead  of  an 
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exact  balance  being  ahvays  required,  the  signalling  can  be 
continued  for  great  lengths  of  time  without  auv  change  of  ad- 
justment ;  and,  moreover,  the  balancing  resistances  may  some- 
times be  altered  verv  consideral)ly  without  actually  interrupt- 
ing the  signalling.  The  actual  received  current  may  be  con- 
sidered as  the  algebraical  sum  of  tAvo  parts — one  the  proper 
received  current,  the  other  an  interfering  cm-rent  produced  by 
inexact  balance.  In  the  double-current  Morse  system  in  com- 
mon use  in  England  the  marks  are  made  by  one  current  (say, 
positive),  and  the  spaces  by  the  negatiA-e  current.  If  C  is  the 
streugth  of  the  received  current,  then  the  whole  range  of  the 
current  is  2C.  In  the  single-current  Morse  system  employed 
on  the  Continent  and  elsewhere  there  is  no  current  during  the 
spaces  ;  hence  the  range  of  the  current  in  the  receiving  instru- 
ment is  only  0.  Therefore  an  instrument  that  admits  of  bemg 
worked  either  by  single  or  double  currents,  as  magnetized  or 
polarized  relays,  will  give  signals  twice  as  strong  Avith  double 
currents  as  Avith  single  with  the  same  battery-poAver.  This 
applies  both  to  ordinary  single  Avorking  and  to  duplex  Avork- 
ing.  In  the  latter  there  is  a  further  advantage  in  favour  of 
double  currents.  It  is  theoretically  possible  to  work  duplex 
AA-ith  double  currents  AA"hen  the  interfering  currents  are  little 
less  strong  than  the  received  currents ;  for  as  the  received 
current  is  alAA-ays  either  +C  or  —  C,  the  superposition  of  any 
current  of  less  strength  than  C  Avill  not  alter  the  sign  of  C, 
^A-hether  +  or  — .  On  the  other  hand,  in  single-current  Avork- 
ing  the  received  current  is  always  either  C  or  zero.  In  the 
tirst  case  the  current  C  oA'erpowers  the  tension  of  a  spring  or 
other  opposing  force  ;  and  in  the  latter  the  spring  is  unopposed. 
The  most  rapid  signalling  is  to  be  obtained  when  the  forces 
moA^ng  the  armature  or  tongue  of  the  relay  are  equal  in  each 
direction ;  and  then  the  retractile  force  of  the  spring  must  be 
equivalent  to  a  reverse  current  of  the  strength  iC.  Therefore 
the  interfering  currents  in  duplex  Avorking  Avith  single  currents 
must  ncAcr  be  so  great  as  ^C — thus  giving  an  immense  advan- 
tage to  the  double-current  system  as  regards  freedom  from  in- 
terruption by  inexact  balance  or  other  causes,  in  addition  to 
the  advantage  before  mentioned  of  gi^nng  signals  of  tAvice  the 
strength.  It  is  found  by  ex|ieriment  that  duplex  Avorking 
(Morse)  will  not  be  actually  interrupted  until  the  interfering 
currents  are  as  much  as  ^  or  ^  the  strength  of  the  received 
currents  with  double  currents,  and  ^  or  \  AA-ith  single  cur- 
rents— ^although  no  hard  and  fast  line  can  be  draAvn,  oAving  to 
the  Acry  numerous  causes  in  operation.  On  an  overland  Avire 
Avorked  duplex  Avith  ditferential  relays  and  double  currents  the 
resistance  AAhieh  gave  exact  balance  Avas,  at  one  end,  2560 
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olims,  Avliicb  could  be  increased  to  38(50  or  diminished  to  17()0 
ohms  without  interrupting  the  working.     At  the  other  end  the 
balancing  resistance  coukl  be  varied  I'roni  3000  to  6000  ohms 
-without    interfering    with    rapid    signalling.       The    variation 
allowable  above  balance  is  always   much  greater  than  below, 
because  the  interfering  current  is  inversely  proportional  to  the 
resistance  external  to  the  battery,  which  is  increased  when  the 
balancing  resistance  is  increased.     In  the  above  example  the 
line  was  fairly  insulated.     When  the  insulation  falls,  the  efibct 
is  to  strengthen  the  sent  and  weaken  the  received  currents  ; 
conseipiently  the  interfering  currents  bear  a  larger  ratio  to  the 
received  currents  for  a  given  change  of  balance  ;  and  the  balance 
therefore  re([uires   nicer    adjustment.      The   extreme   case  is 
reached  with  the  very  low  insulation  which  pre^■ails  in  this 
country  in  continuous  wet  weather,  when  not  much  difference 
can  be  detected  between  the  resistance  of  the  wire  whether  it 
is  insulated  or  to  earth  at  one  end.     Under  such  circumstances 
a  very  small  change  of  balance  is  suiiicient  to  upset  the  work- 
ino".     The  ratio  of  the  iuterferins;  to  the  received   currents 
may  be  diminished  ad  lib.  by  increasing  the  resistance  of  the 
apparatus,  or  more  simply  by  inserting  a  constant  resistance 
in  the  main  circuit.     As,  however,  it  is  only  when  the  insula- 
tion is  very  bad  and  the  received  current  very  weak  that  the 
interfering  current  due  to  inexact  balance  attains  such  a  pro- 
portional strength  as  to  mutilate  the  signals,  the  increase  in 
the  resistance  of  the  apparatus  would  be  an  evil  rather  than  a 
benetit,  on  account  of  the  reduction  in  the  strength  of  the  re- 
ceived signals,  already  very  weak,  that  would  ensue. 

The  two  other  systems  described  in  my  former  paper  (Phil. 
Mag.  June  1873)  are  not  likely,  in  accordance  with  the  prin- 
ciple of  the  survival  of  the  fittest,  to  come  into  practical  use  ; 
and  it  is  therefore  unnecessary  to  enter  into  details  concerning 
them.  But  this  I  may  observe,  that  in  both  of  them  the  ar- 
rangement Avhich  produces  the  strongest  signals  at  both  sta- 
tions is  also  the  most  sensitive  balance.  That  this  should  be 
the  case  in  four  different  systems,  renders  it  probable  that  it  is 
universally  true  for  all  duplex  systems,  in  which  some  kind  of 
balance  is  concerned. 


[     44     ] 

yi.  On  the  Bepresentatlon  of  an  Uneven  Numher  as  a  Sian  of 
four  Squares,  and  as  the  Sum  of  a  Square  and  two  Triangular 
Numbers.     Bij  J.  W.  L.  GLAiyHEE,  M.A.,  F.R.S.* 

I.  A  T  the  end  of  a  paper  entitled  "  Verification  of  an  Ellip- 
-^^  tic  Transcendent  Identity,"  pul)]ished  in  the  Philoso- 
phical Magazine  for  June  1874,  I  have  reproduced  in  an  ex- 
panded form  a  proof  (due  to  Gauss,  hut  the  steps  of  Mdiich  he 
had  only  briefly  indicated)  of  the  identit}- 

+  (2q^+2q^  +  2q'i+&C.y; 

and  it  occurred  to  me  subsequently  that  it  "would  be  interesting 
to  demonstrate  the  truth  of  the  identity  by  showing,  directly, 
from  arithmetical  considerations,  the  equality  of  the  coefficients 
of  like  powers  of  .v  on  the  two  sides  of  the  equation. 

The  coefficients  of  the  eyen  powers  of  .v  are  obviously  the 
same  ;  and  the  theorem  to  be  proved  is  that,  N  being  any  uneven 
number,  the  number  of  representations  j  of  4N  as  the  sum  of 
four  uneven  squares  is  equal  to  twice  the  number  of  represen- 
tations of  N  as  the  sum  of  four,  or  a  less  number  of,  uneven 
squares.  It  is  convenient  in  what  follows  to  have  a  name  for 
a  decomposition  of  a  number  as  a  sum  of  four  squares,  irre- 
spective of  the  order  in  which  they  are  written;  and  I  shall 
call  such  a  decomposition  a  resolution  ;  so  that  a^  + 1?  +  c^  +  d^, 
d?  +  c"^  +  b"- -\- d' ,  kc.  are  all  the  same  resolution. 

Suppose  N  =  a^  +  &^  +  c^  +  c?  is  a  resolution  of  N,  then  we 
can  derive  from  it  two  resolutions  of  4N  into  uneven  squares, 
viz. 

I.       (     a  +  b  +  c  +  dy,     or  IL       (     a  +  b  +  c-df, 
+  (     a  +  b-c-d^\  +(     a  +  b-c  +  d)\ 

+  (     a  —  b—c  +  df,  +(     a—b  +  c  +  d.f, 

-^{  —  a  +  b  —  c  +  d.y,  +{  —  a  +  b  +  e  +  df; 

and  it  is  easily  seen  that  no  other  set  of  combinations  formed 
by  addition  and  subtraction  of  the  elements  a,  b,  c,  d  will  give 
a  resolution  not  included  in  these  two. 

If  any  one  of  the  elements,  say  a,  =0,  then  I.  and  II.  be- 

*  Communicated  by  the  Author. 

t  "  In  counting  the  number  of  compositions  by  addition  of  squares,  two 
compositions  are  to  be  considered  as  different  if,  and  only  if,  the  same  places 
in  each  are  not  occupied  by  the  same  squares  ;  but  in  counting  the  number 
of  representations  we  have  to  attend  also  to  the  signs  of  the  roots  of  the 
squares.  Thus  each  composition  by  the  addition  of  four  squares,  none  of 
which  is  zero,  is  equivalent  to  sixteen  representations." — Professor  H.  J, 
S.  Smith,  "  Report  on  the  Theory  of  Numbers,"  art.  127  (British  Associa- 
tion Report,  Birmingham  Meeting,  I860,  p.  337). 


On  an  Uneven  I^nniher  as  a  Sum  of  four  Squares.       45 

come  identical  ;  it"  also  another,  h,  =0,  the  resolution  is  of  the 
form  F- +  P- +  Q- +  Q-  ;  if  lurther  t'  =  0,  the  form  is 

(P  +  (P  +  (P  +  (P. 

Confining  our  attention  first  to  the  case  in  -which  no  one  of 
the  quantities  a,  b,  c,  d  is  zero,  we  see  that  every  resolution  of 
N  oiv(>s  rise  to  two  resolutions  of  4N  : — one  of  class  I.,  in  which 
the  laroest  squan^  is  {a  +  h-{-c  +  d)' ;  and  the  other  formed  from 
it  by  changing  the  sign  of  any  one  letter  throughout.  Consider 
any  two  resolutions  of  N,  viz.  or  +  b'-  +  c^  +  cP^  and  a"  +  /S"-  +  y'  +  5- ; 
they  give  rise  to  four  resolutions  of  4N,  viz.  two  of  class  I.  and 
two  of  class  II.  ;  and  it  is  easily  seen  that  the  two  resolutions 
of  class  I.  cannot  be  identical  (and  also  that  those  of  class  II. 
cannot  be  identical),  unless  «',  //"',  c",  d-  =  a-,  /3-',  y-,  S'-*,  which 
is  supposed  not  to  be  the  case.  But  it  requires  further  exami- 
nation to  see  that  one  of  the  resolutions  of  class  I.  cannot  be 
equal  to  one  of  those  of  class  II.  ;  viz.  we  have  to  show  that,  if 
or  +  ^'  +  7"  +  5"  be  an  uneven  number,  and  if 

(«  +  ^  +  y-8)'-^  +  (a  +  /3-7  +  S)'^  +  («-/3  +  7  +  S)- 

+  (-«  +  /3+7  +  S)- 
=  {a-^b^-c  +  df-\-{a  +  b-c-dy  +  {a-b-c  +  df 

+  {-a  +  b-c-\-d)\ 

term  for  term,  then  it  follows  that  or,  /3-,  7^,  B^  =  a^,  b^,  c^j  cP. 
The  conditions  give 

a  +  /8  +  7-S=±(     a  +  b  +  c  +  d), 

«  +  iS-7  +  S=±(     a  +  b  —  c—d), 

a— yQ  +  7  +  S=±(     a—b  —  c  +  d), 

—  u  +  ^  +  y  +  B=±(  —  a  +  b  —  c  +  d); 

and  a  few  moments'  consideration  shows  that  the  ambiguities 
on  the  right-hand  side  must  be  all  replaced  by  +  or  by  — •, 
or  that  two  must  be  +  and  two  — .  (For,  e.v.  gr.,  take 
the  first  three  +  and  the  last  — ,  and  we  have  by  addition 
a  +  /S  +  y  +  S=2a  ;  that  is,  an  uneven  number  =2rt.)  Repla- 
cing all  the  ambiguities  by  the  same  (say  the  + )  sign,  the 
equations  are 

«  +  ^  +  7-S=      a  +  b  +  c  +  d, 

a  +  /3  — y  +  S=      a  +  b—c—d, 

oi—^  +  y  +  S=      a—b  —  c  +  d, 

~a  +  /3  +  Y  +  S=:—a  +  b—c  +  d, 

*  By  «',  h^,  C-,  (l-  =  tt^,0^,  y-,  8^  is  meant  that  the  four  foiiner  squares 
are  to  be  equal  to  the  latter  indepeudeutly  of  order;  for  example,  «2=/3^, 
b-=u-,  c^  =  b-,  d-  —  y-  satisfies  the  equation. 
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so  that  a  =  a,  /S=/>,  7  =  </,  8=—c;  and,  generally,  we  must 
have  a'-',  |S-,  7-,  8'-  =  <r,  //"',  c'-,  cP.  The  second  ca.se  in  ett'ect 
includes  the  other  (in  which  the  resolutions  are  of  the  same 
class)  bv  supposing  the  sign  of  S  changed. 

The  presence  of  zero  values  of  «,  h,  &c.  in  no  way  affects  the 
argument  (except  by  reducing  to  ecpiivalence  the  two  classes 
I.  and  II.)  ;  so  that  generally  we  see  that  every  resolution  of 
N  gives  rise  to  two  resolutions  of  4N,  unless  a  zero  value  occurs, 
when  there  is  but  one.  It  is  also  evident  that  the  transformed 
resolutions  are  of  the  same  form  as  regards  equality  of  squares 
as  the  original  resolutions  :  viz.  if  a?,  P,  c^,  ct'  are  all  different, 
the  squares  in  the  transformations  are  all  different ;  if  a^  =  6^, 
two  squares  in  each  of  the  transformations  are  equal,  and  so 
on.  This  is  true  also  if  one  of  the  squares  be  zero.  If  two  be 
zero,  the  transformation  converts  c^  +  cP  into  P-  +  P"  +  Q^  +  Q^; 
and  if  three  be  equal,  into  cP  +  (P  +  cP  -^  cP  as  before  mentioned. 

We  have  now  to  show  that  every  resolution  of  4N  as  the 
sum  of  four  uneven  squares  A^,  B'"^,  C"^,  D^,  may  be  derived 
from  a  resolution  of  N  of  the  form  «^  +  0^  +  7"  +  P  by  a  trans- 
formation of  class  I.  or  class  II.  ;  that  is,  that  we  can  always 
find  integer  values  of  «,  /3,  y,  S  that  satisfy  the  system  of 
equations 

a  +  /S  +  7  — S=±A, 

«  +  /8-7  +  S=±B, 

a— /3  +  7  +  5=±C, 
— «  +  /3  +  7  +  S=±D. 

Taking  the  positive  signs  throughout  for  the  first  series  of 
values,  and  changing  the  sign  of  D  for  the  second, 

a  =  \{    A  +  B  +  C-D)  or  =i(     A  +  B  +  C  +  D), 

/3=i(     A  +  B-C  +  D)       „     K     A  +  B-C-D), 

7=:i(     A-B  +  C  +  t>)       „    i(     A-B  +  C-D), 

S=i(-A  +  B  +  C  +  D)       „     i(-A  +  B  +  C-D); 

and,  since  D  is  uneven,  one  (and  only  one)  of  these  systems 
gives  integer  values  to  «,  /3,  7,  S.  Tlius  there  is  no  resolution 
of  4N  into  uneven  squares  that  is  not  derivable  by  transforma- 
tion from  a  resolution  of  N  ;  and  it  only  remains  to  connect  the 
representations  of  N  with  those  of  4N. 

1°.  Consider  the  resolutions  in  which  no  one  of  the  squares 
a"^,  6^,  c^,  cP  is  equal  to  zero  ;  then,  since  each  resolution  of  N 
gives  rise  by  transformation  to  resolutions  of  the  same  form  as 
regards  equality  of  squares,  each  resolution  of  both  N  and  4N 
produces  the  same  number  of  compositions,  and  therefore  also 
of  representations  ;  so  that  the  number  of  representations  of 
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4N  as  a  sum  of  uneven  squares  i«  cloul)le  the  nuniljer  of  repre- 
sentations of  N.  2°.  If  one  of  the  squares  is  zero,  no  alteration 
is  made  in  the  number  of  eompositions  ;  but  eaeh  composition 
of  N  gives  rise  to  8  re])resentations  only  instead  of  1(5,  and  the 
two  classes  become  identical;  so  that  in  this  case  also  the  num- 
ber of  representations  of  4N  is  double  the  number  of  repre- 
sentations of  N.  3".  If  two  squares  are  zero  (so  that  the  other 
two  must  h^  different),  the  number  of  representations  pro- 
duced bv  each  resolution  of  N  is  12 .4,  wliile  the  corresponding 
resolution  of  4N  (being  of  the  form  P^  +  P^  +  Q"  +  Q")  gives 
rise  to  () .  IG  ;  and,  4",  if  N  is  an  uneven  square,  this  resolu- 
tion gives  8  representations,  "wliile  the  corresponding  resolu- 
tion d-  +  <P  +  d-  +  d-  oi  4N  gives  Ui  representations.  Thus, 
universally  the  number  of  representations  of  4N  as  the  sum  of 
four  uneven  squares  is  equal  to  double  the  number  of  repre- 
sentations of  N  as  a  sum  of  four,  or  a  less  number  of,  squares. 
I  here  add  an  example  of  the  transformation.  Take  N  =  1 1 7  *, 
then 

82  +  G'-^  +  42  +  r-gives4N=19-  +  9-  +  52-f  P  .  .  (I.) 
=  17-  +  lP-H72  +  3^  .  (11.) 

92  +  42  +  42  +  2-     „     4N=192  +  7'-^  +  72  +  3-^  .  .  (I.) 
=  152  +  112  +  112  +  12.  (11.) 
10^  +  32  +  22  +  22     „     4^=172  +  92  +  72  +  72  .  .  (I.) 

=  132  +  132  +  112  +  32.  (II.) 

72  +  62  +  42  +  42     „     4N=212  +  52  +  l2  +  12  .  .  (I.) 

=132+132+92+72, .  (11.) 

02  +  62  +  62  +  32     „     4^=212  +  32  +  32  +  32  .  .  (I.) 

=152+92+92+92,.  .  (II.) 

102  +  42  +  12  „     4N= 152 +  132 +  72 +  52, 

82  +  72  +  22  „     4N= 172 +  132 +  32 +  12,      • 

92  +  62  „     4^=152  +  152  +  32  +  32. 

Apart  from  the  verification  of  the  elliptic  transcendent  iden- 
tity, the  connexion  between  the  separate  resolutions  of  N  and 
the  corresponding  resolutions  of  4N  is  interesting. 

II.  The  following  investigation  relates  to  the  representation 
of  an  uneven  number  as  the  sum  of  one  square  and  two  trian- 
gular numbers. 

*  The  number  of  representations  of  an  uneven  number  as  the  sum  of 
four  squares  is  eight  times  the  sum  of  its  divisors,  and  117  is  chosen  on 
account  of  the  number  of  its  divisor,?. 
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Consider  the  identity  (N=) 
,     p.p+1       q  .n  +  1 

and  observe  that,  if  p  he  of  the  form  4n  +  3  or  An,  ^  p.p  +  1  is 
even,  and  that,  if  p  be  of  the  form  4n  + 1  or  4n+2,  it  is  uneven. 
Then  (N  being  uneven)  if  vi  be  uneven,  and  consequently 
2P  -P  + 1  ^^Tid  ^q.q  +  lhe  both  even  or  both  uneven,  then,  accord- 
ing as  p  and  q  are  both  of  the  same  form  or  of  different  forms, 
the  first  or  second  transformation  gives  rise  to  the  sum  of  an 
even  square,  an  even  triangular  number,  and  an  uneven  trian- 
gular number.  And,  conversely,  an  even  square  and  two  tri- 
angular numbers,  one  even  and  one  uneven,  are  transformed 
into  an  uneven  square  and  two  triangular  numbers,  both  even 
or  both  uneven.  This  is  evident  on  examining  the  different 
cases.  We  thus  have  the  curious  theorem  that  to  every  re- 
presentation of  an  uneven  number  as  an  even  square  and  two 
triangular  numbers,  there  corresponds  a  representation  as  an 
uneven  square  and  two  triangular  numbers,  and  vice  versa  ; 
and  we  further  see  that  the  presence  of  a  zero  square  corre- 
sponds to  a  case  of  equality  of  the  two  triangular  numbers*. 
If,  therefore,  all  the  representations  of  an  uneven  number  as 
the  sum  of  a  square  and  two  triangular  numbers  be  written 
down,  in  half  the  number  the  square  is  even  and  in  half 
uneven.     Stated  analytically,  the  theorem  is 

(1  +  2^*  +  2q^'  +  &C.)(1  +  /  +  ^' '^  +  &c.)(^  +  q^  +  q^'  +  &c.) 

= (^ + ?' + ?'' + &c.)(i + / + q''' + &c.y 

+  (q  +  q^  +  q^''  +  &C.)(^^  +  /  +  q^^  +  &C.)^ 

*  Of  course  0  is  to  be  treated  as  a  square,  and  also  as  an  even  triangular 
number  whose  root  (calling  n  the  root  of  |  n .  m+1)  is  0;  and  the  square 
numbers  that  are  also  triangular  are  to  be  treated  both  as  squares  and  tri- 
angular numbers.  As  an  example  of  the  theorem,  take  N=31,  and 
25+6+0,  25  +  3+3,  9+21+1,  1  +  15+15  transform  into  4+21  +  6, 
0+28+3,  16+15+0,  0+21+10  respectively  (writing  the  square  first  in 
each  partitionment). 
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which  is  readily  transformed  into 

/!  +  (/  +  >/  +  <f  +  q^''  +  &cA-  ^  l  +  2(/  +  2y'  +  2v''  +  27"'  +  (fcc. 
^1  -(?-'/  + '/  +  '/'-^tc./       1  -2^7  +  2/-2/+  2r/''-&c.' 

an  identity  derivable  at  once  from  elliptic-function  formulae. 
The  above  arithmetical  process  thus  affords  a  proof  of  this 
identity. 


VII.    On  Salt  Solutions  and  Attached  Water. 
By  Frederick  Guthrie*. 

[Contiaued  from  S.  4.  vol.  xlix.  p.  276.] 

III. 

A  few  special  Cryogens  and  Oryohydrates. 

I  HAVE,  in  the  first  place,  to  redeem  the  promise  given  in 
§  89,  and,  by  discussing  the  beha\aour  as  cryogens  and 
cryohydrates  of  a  few  peculiar  salts,  to  complete  one  part  of 
my  undertaking. 

§  105.  Chloride  of  Calcium  as  a  Cryogen.  A.  Crystallized 
CaClj  +  3  H2  0. — The  heat  liberated  when  anhydrous  CaClg  is 
brought  into  contact  w^ith  Avater  interferes  with,  by  diminish- 
ing, the  manifestation  of  cold  due  to  the  proper  liquefaction  of 
the  salt  and  of  the  ice  when  the  two  are  brought  together. 
Accordingly  in  experiments  with  chloride  of  calcium  as  a  cryo- 
gen which  are  to  serve  as  a  guide  to  the  temperature  at  which 
the  formation  of  the  cryohydrate  may  be  predicted,  we  may 
conveniently  begin  with  the  crystallized  salt.  A  seasonable 
fall  of  snow  last  winter  enabled  me  to  extend  my  experiments 
with  the  chloride  of  calcium,  not  only  in  regard  to  the  relative 
quantity  of  the  two  constituents,  but  to  the  relative  effects  of 
snow  and  pounded  ice,  and  to  establish  conclusively  that  the 
two  are  of  quite  equal  power  when  used  as  one  element  of  a 
cryogen.  The  crystallized  CaCl2  +  3  Hg  0  was  finely  powdered 
and  placed  in  weighed  quantities  on  the  weighed  snoAV  or 
crushed  ice  in  a  beaker,  the  two  being  stirred  continuously 
with  the  thermometer.  Under  these  conditions  the  lowest 
temperature  is  quickly  reached. 

*  Comm\uiicated  to  the  Physical  Society,  Jime  12, 1875. 
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Table  XII. — Column  (1)  the  weight  in  grammes  of  the  pow- 
dered CaClg  +  ^HaO,  cohmni  (2)  the  weight  in  grammes  of 
the  powdered  ice  or  snow,  cohimns  (3)  and  (4)  the  respective 
percentages  of  the  two,  column  (5)  the  temperature. 


(1) 

(2) 

(3) 

(4) 

{^ 

CaCL  +  UHjO, 

Snow  or  ice, 

Per  cent., 

'  Per  cent.. 

Temperature, 

grammes. 

grammes. 

CaCL +31120  fsuow  or  ice. 

Centigrade. 

100 

33  snow 

75 

25 

O 

-21 

100 

50  snow 

66-6 

33-3 

-28 

94 

60  ice 

61-5 

38-5 

-33 

*l75 

50  snow 

60 

40 

-32 

50  ice 

60 

40 

-32 

50 

75  snow 

40 

60 

-27 

f50 
*150 

100  snow 

33-3 

66-6 

-24 

100  ice 

33-3 

66-6 

-24-5 

From  this,  especially  from  the  examples  marked  *,  it  ap- 
pears that  snow  and  ice  are  of  equal  value  as  elements  of  crvo- 
gens,  and  that  the  greatest  cold  is  obtained  on  mixing  38*5 
of  ice  or  snow  with  (31'5  of  the  crystallized  salt.  This  is  the 
ratio  between  CaCla  SHg  0  and  5-74 Hg  0,  or  4(CaCl2  SHg  0) 
and  23  H2  0  or  CaCls  and  8-74  H2  0. 

§  106.  B.  Anhydrous  CaCl2  as  Cryogen. — Freshly  fused 
CaCl2  was  finely  powdered  and  mixed  with  finely  crushed  ice. 

Table  XIII. — Columns  (1)  and  (2)  show  the  actual  quantities, 
in  grammes,  taken  of  CaCl2  and  ice  respectively;  columns  (3) 
and  (4)  show  the  percentages ;  column  (5)  shows  the  lowest 
temperature  reached ;  and  the  numbers  in  column  (0)  show 
the  temperature  to  which  the  mixture  rose  after  all  the  ice  Avas 
melted  in  those  cases  where  the  proportion  of  ice  was  least. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

CaCl,, 
grammes. 

Ice, 
grammes. 

CaCl^, 
per  cent. 

Ice, 
per  cent. 

Lowest 
temp. 
Cent. 

Rose  to 
temp. 
Cent. 

50 

50 

500 

500 

0 
+33 

50 

75 

400 

600 

+  10  to    +18 

50 

90 

35-7 

64-3 

+  4    „    +14 

50 

95 

34-5 

65-5 

+  3    „    +11 

50 

100 

333 

66-7 

-  2    „    +9 

50 

125 

28-6 

714 

-10 

33-3 

100 

25  0 

750 

-13 

25 

100 

200 

800 

-15 

20 

100 

16-7 

83-3 

-14-5 

166 

100 

14-2 

85-8 

-12 

20 

140 

125 

87-5 

-12 
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Here  the  lowest  toniperature  is  reached  at  the  ratio  1  :  4,  or 
about  CaCl2  +  15  Ilg  0.  We  must  not  attach  too  much  import- 
anc(*  to  the  numbers  of  this  Table,  because,  as  before  remarked, 
the  liberation  of  heat  when  the  anhydrous  salt  dissolves  in,  or 
rather  combines  with  water,  largely  supplies  heat  for  the  li(iue- 
factionof  the  solid  ice  and  salt.  And  accordingly,  though  the 
heat-quantity  concerned  may  be  deduced  from  knowledge  of 
the  quantity  due  to  such  combination  and  the  specific  heat  of 
the  solution  and  the  heat  of  li(j[uefaction  of  the  ice,  yet  the  tem- 
perature or  heat-tension,  being  a  function  of  the  time  or  rate  of 
liquefaction,  cannot  ])e  so  deduced.  The  caking  of  the  chlo- 
ride is  also  a  source  of  exjierimental  dithculty. 

§  107.  Jlono/ii/dnited  Chloride  of  Caleinm  as  a  Crtjogen. — 
On  baking  the  terhydrate  of  chloride  of  calcium  a  porous  mass 
is  left,  which  is  used  for  the  absorption  of  water  in  gases. 
This,  though  called  anhydrous  in  commei'ce,  contains  about 
one  molecule  of  Avater.  And  the  presence  of  the  water  is  be- 
trayed Avhen  the  body  is  used  as  a  cryogen.  The  chloride, 
finely  powdered,  was  weighed  upon  snow  or  ice  and  stirred 
with  the  thermometer  unceasingly.  The  higher  ratios  of  frozen 
water  were  ice,  the  lower  ones  were  snow  ;  the  two  are  con- 
nected together  at  the  50  per  cent,  ratios,  marked  *. 

Table  XIV. 


CaCl,+H,0, 

Snow  or  ice, 

CaCl^H^O, 

Suow  or  ice, 

Temperature, 

grammes. 

grammes. 

per  cent. 

per  cent. 

Centigrade. 

100 

33  snow 

75 

25 

0 

+  5 

100 

50     „ 

667 

33-3 

-  4 

75 

50     „ 

60 

40 

-10 

»50 

50     ,, 

50 

50 

-17 

*50 

50  ice 

50 

50 

-17 

50 

100     „ 

33-3 

667 

-17 

50 

150     „ 

25 

75 

-16 

50 

200     „ 

20 

80 

-16 

50 

300     „ 

14-3 

857 

-16 

50 

400     „ 

11  1 

88-9 

-12 

50 

600     „ 

77 

J»23 

-10 

The  margin  of  ratio  for  minimum  temperature  is  consider- 
able. The  minimum  temperature  itself  is  intermediate  between 
the  minima  for  CaClj  and  CaCl2  +  3  Hg  0. 

§  108.  The  Cryohydrate  of  Chloride  of  Calcium. — A  solution 
of  CaClg  3  Hg  0,  saturated  at  the  temperature  of  the  air  (10°  C), 
was  cooled  to  —20°  in  snow  and  ice.  The  mother-liquor  Avas 
then  exposed  to  the  carbonic-acid-and-ether  cryogen.  The 
temperature  sank  to  —37°  C.  under  continual  separation  of  a 
transparent  hydrate.     At  —37°  C.  an  opaque  ciyohydrate  is 
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formed,  and  the  temperature  remains  constant  I'or  a  consider- 
able time.  The  opaque  crystals,  on  being  remelted,  showed 
the  following  composition.  By  a  silver-determination  6-G835 
contained  2-33()5  of  CaCU.  This  shows  3G-45  of  CaClg,  and 
exhibits  the  molecular  ratio 

CaCls  +  ll-SHsO. 

Mixed  Salts,  as  Cryogens  and  Cvyohydrates. 

§  109.  Still  bearing  in  mind  the  problem  of  sea-water,  we 
may  next  consider  the  behaviour  of  mixtures  of  soluble  salts, 
both  as  cryogens  and  cryohydrates.  Even  regarding  salts  as 
preserving  the  individuality  of  their  metallic  and  non-metallic 
parts  when  mixed  together,  there  is  a  variety  of  reconiposition 
possible.  Thus  taking  the  typical  salts  AX  and  BY,  we  may 
have  A=B  or  X  =  Y.  No  double  reconiposition  is  possible 
in  either  of  the  latter  cases.  But  there  may  still  be  formed 
double  salts  in  which  each  metal  is  engaged  with  both  non- 
metallic  constituents.  I  suppose  that  in  the  present  state  of 
chemical  knowledge  it  would  be  unwise  to  assert  that  any 
double  salt  is  impossible,  especially  after  the  evidence  which 
has  been  so  abundantly  given  above  that  the  body  water  is 
virtually  pantameric. 

On  the  other  hand,  remembering  the  liberal  margin  of  ratio 
between  ice  and  a  salt  for  the  production  of  the  normal  or 
maximum  cold,  we  shall  get  by  examining  the  temperature  of 
the  cryogen  of  a  mixture  of  salts  and  the  temperature  of  their 
common  cryohydrate,  if  they  have  one,  a  valuable  and  indeed 
unique  insight  into  their  molecular  relation,  in  the  sense  of  de- 
termining w^hether  double  salts  or  double  reconiposition  ensues. 
At  present  I  have  confined  my  examination  to  the  various  cases 
of  two  salts.  Of  these  a  few  typical  examples  are  taken  ;  and 
in  the  first  place  a  pair  of  salts  are  examined  which  differ  only 
in  their  metals. 

§  110.  Mixed  Nitrates  of  Potassium  and  Sodium  as  Cryo- 
hydrate.— The  salts  were  just  fused,  poured  on  a  slab,  crushed 
while  hot,  and  bottled.  The  two  salts  were  weighed  in  mono- 
molecular  ratio ;  namely,  of 

KNO3  there  were  33" 666  grms. 
NaNOs         ,,         28-333     „ 

These  quantities  were  mixed,  completely  dissolved  in  Avater, 
and  allowed  to  evaporate  at  13°  C.  till  crystallization  began. 
The  mixture  was  then  cooled  in  an  ice-salt  cryogen.  At  about 
4-12°  to  +10°  C.  transparent  crystals  resembling  KNO3 
began  to  form,  and  continued  to  do  so  as  the  temperature  fell. 
At  about  —7°  an  opaque  cryohydi-ate  appeared.     This  Avent 
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on  till  —10°  C.  Avas  reached,  when  the  whole  was  pasty.  At 
—  13°  the  mass  was  not  yet  dry.  At  — 14°'5  it  was  nearly  dry. 
At  —  1G°*5  to  —17°  it  became  perfectly  dr}-.  Wq  find  then 
that 

The  crvohvdrate  of  KNO3  solidities  at     -   2-7 
,;      ^   „  NaNOa  .  „         -17-5 

„  „  eqniv.  mixture  „  —   7  to — 17°. 

Hence  it  appears  that  the  presence  of  the  nitrate  of  sodium 
lowers  the  temperature  at  which  the  cryohydrate  of  the  nitrate 
of  potassium  is  formed,  while  the  temperature  of  final  solidifi- 
cation is  virtually  as  low  as  when  the  nitrate  of  sodium  was 
alone  present. 

§  111.  Mi.ved  Nitrates  of  Potassium  and  Sodium  as  Cryo- 
gen. — The  powdered  nitrates  heing  mixed  in  the  same  propor- 
tion as  in  §  110,  namely  11-22  grms.  of  KNO3  and  9*44  grms. 
of  XaXOs,  and  stirred  with  about  80  grains  of  crushed  ice,  gave 
a  temperature  of  —  1G°'8.  This  is  clearly  again  due  to  the 
more  ])owerful  cryogen  NaNOs,  which  (§  75)  gave  — 16°*5. 

§  112.  Afi.ved  C/dorides  of  Potassium  and  Sodium  as  Crj/o- 
Jujdrate  and  Cryogen. — Taking  the  salts  in  monomolecular 
ratio,  namelv  of 

KCl  taking  18-625 
NaCl  „  14-625 
dissolving  in  water  and  allowing  it  to  stand  until  crystalliza- 
tion just  began,  a  solution  was  obtained  which  soliditied  com- 
pletely at  —21°  C.  On  mixing  the  mixture  of  the  same  salts 
in  the  same  proportion  Avith  crushed  ice,  the  resulting  tempe- 
rature was  —  21°-8.  The  temperatures  in  both  cases  are  evi- 
dently governed  by  the  action  of  the  NaCl ;  for 

o 

The  cryohydrate  of  KCl    solidifies  at      — 11'4 
NaCl  —92 

j,  „  equiv.  mixture  „        —21 

Temperature  of        KCl    as  cryogen       —10-5 
„  NaCl  „  -22 

„  equiv.  mixture  „  — 21 

There  is  so  much  difficulty  attending  the  accurate  separation 
of  sodium  and  potassium  that  no  method  of  aiialysis  of  them 
Avith  which  I  am  acquainted  is  free  from  the  possible  error  of 
2  or  3  per  cent,  upon  the  quantity.  Accordingly,  for  the 
quantitative  study  of  the  mixed  cryohydrates  or  cryohydrate  of 
the  mixed  salts,  the  following  two  simple  ones  were  chosen. 

§  113.  Mi.ved  Chlorides  of  Potassium  and  Ammonium  as 
Cryohydrates  and  Cryogens. 

Of  NH.1  CI  were  taken  13-375  grms. 
„   KCl  „  18-625     „ 
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These  were  dissolved,  mixed,  and  allowed  to  evaporate  till 
crvstallization  just  began.  On  cooling,  solidification  did  not 
begin  till  — 1()°-5  or  —17°.  The  temperature  remained  for  a 
long  time  at  —17°;  and  when  it  had  reached  — 18°-8  the 
whole  mass  was  solid.  Two  analyses  of  the  remelted  last  crop 
of  cryohvdrate  were  made.  The  solution  was  weighed  into  a 
covered  i3oliomian-glass  basin,  evaporated  at  100°  C.  to  dryness, 
kept  in  vacuo  over  sulphuric  acid,  weighed,  gently  ignited,  and 
rewcighed. 

gi'uis-  grm.  grm. 

(a)  4-035  of  solution  gave  0-9505  of  total  residue  and  0-4890  KCl 
(^)  5-817  „  1-3725  „        „  0-7005  KCl 

So  that  the  percentage  compositions  were  : — 

a.  b.  Mean. 

KCl  .     .     12-12  12-04  12-08 

NH4CI  .     11-43  11-55  11-49 

H2O      .     76-45  76-41  76-43 

The  molecular  ratios  are  accordingly 

KC1=0-1608,  NH4C1  =  0-2148,  and  Hg  0=4-246, 


or 
or 


KCl  + 1-33  NH4  CH- 26-4  H2  O, 


3  KCl  +  4  NH4  CI  +  79-2  H2  0. 

Since  the  water- worth  of  NH^  CI  is  12-4  and  that  of  KCl  is 
16-61  (§  88),  we  cannot  look  upon  the  compound  body  as  a 
mixture  of  the  two  cryohydrates  ;  but  we  may  perhaps  regard 
it  as  consisting  of  seven  molecules  of  the  cryohydrate  of  chlo- 
■  ride  of  ammonium  in  which  three  molecules  of  ammonium  are 
replaced  by  potassium. 

The  possible  precision  in  the  analysis  of  the  mixed  chlorides 
of  potassium  and  ammonium  induced  me  to  extend  the  exami- 
nation to  the  intermediate  crops  of  cryohydrates.  Accordingly, 
the  dry  salts  being  mixed  as  before  in  equivalent  ratio,  dis- 
solved, concentrated  and  cooled,  five  successive  crojDs  of  cryo- 
hydrate were  collected  as  soon  as  the  temperature  had  sunk  to 
— 16°-5,  the  last  being  the  mother-liquor. 


a) 

(2) 

(3) 

(4) 

(5 

(6)                            1 

Solution 

G-C090 

5-8765 

4-0540 

6-8210 

6-4720 

5-0750                         " 

Total  residue  .. 

1-4810 

1-3445 

0-9375 

1-5720 

1-4960 

1-2145 

KCl    

•7870 

0-6760 

0-4630 

0-7815 

0-7410 

0-6890 

Therefore 

11-90 

11-50 

11-44 

11-60 

KCl:  

11-54 

11-45 

NH.Cl  ' 

10-50 

11-37 

11-58 

11-59 

11-67 

12-32 

H,0    

77-60 

77-23 

76-88 

76-96 

76-89 

76-08 
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Hence  it  appears  that  the  composition  of  the  successive  crops 
of  orvohytlrate  is  nearly  unchanood.  The  later  the  crop,  the 
poorer  is  it  in  water  and  jiotassiuni  and  the  richer  in  ainmo- 
ninni.  And  the  increase  in  the  annnoniuin  is  greater  than  the 
decrease  in  the  potassium.  The  same  ratio  of  the  same  chlo- 
rides, when  used  as  a  cryogen,  gave  —18°.     Accordingly 

The  cryohvdrate  of  KCl     solidities  at  -11-4. 


and 

NH,C1       „ 
equiv.  mixture  „ 

-15 
-17 

As 

a  cryogen 

J) 

KCl              gives 
NH.Cl 

-10-5 
-16 

y* 

equiv.  mixture  „ 

-18 

§  114. 

Mixed  Nitrates 

of  Barium  and  >Sti 

•ontinni  ai 

hydrates 

and  Or 

tjorfens. 

7-05  grms.  of  Sr2N03, 

and 

Cri/o- 


8-70  grms.  of  Ba2N03 

were  dissolved,  mixed,  and  allowed  to  evaporate  to  incipient 
crystallization.  At  — 1°*2  a  cryohydrate  began  to  form  ;  and 
the  whole  was  solid  at  —  4°*3.  Employed  as  a  cryogen,  the 
same  mixture  of  salts  gave  —  5°'8.     We  have  therefore 

The  cryohydi-ate  of  Sr  2  NO3  solidifies  at     .     -  6 
Br2N03         „  .     -0-8 

„  „  equiv.  mixture  solidifies  at  — 4*3 

and 

o 

As  a  cryogen  Sr  2  NO3  gives  .     .     .     —6 
„  Ba2N03     „      .     .     .     -0-9 

„  equiv.  mixture  gives   .      —  5*8 

§  115.  Mi.ved,  Chlorides  of  Barium  and  Strontium  as  Cryo- 
hydrates  and  Cryogens. 

6-933  giTOS.  of  BaCla 
and 

5*283  grms.  of  Sr  Cl^, 

both  salts  having  been  gently  ignited,  were  dissolved,  mixed, 
and  evaporated  to  saturation.  On  cooling,  a  large  quantity  of 
transparent  salt  fell  out  above  0°.  At  about  — 10°  a  cryohy- 
drate began  to  form,  and  the  whole  was  nearly  solid  at  — 13°*5 
to  — 14°.  A  small  portion,  however,  remained  liquid  to 
-18°. 
Mixed  with  snow,  the  above  salts  in  the  above  proportion 
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lowers  the  temperature  to  — 1()°-7.     Comparing  as  before, 

The  cryohydi-ate  of  SrClj  solidifies  at     .     .      —17 
BaClj         „  _.     .     _  8 

„  „  equiv.  mixture  solidifies  at  —18 

and  ^ 

As  a  cryogeu,  SrCls  gives     .     .     .     —17 
„  BaOls     „         .     .     .     _   7-2 

„  equiv.  mixture  gives      — 16"7 

As  it  is  almost  impossible  to  separate  barium  and  strontium 
with  very  great  precision,  and  as  it  was  highly  desirable  to 
compare  the  relative  quantities  in  the  cryohydrate  in  at  least 
one  other  case  besides  that  of  §  llo,  I  chose  in  the  right  place 
the— 

§  116.  Mixed  Sulphates  of  Sodium  and  Ammonium  as  Cryo- 
hi/drates  and  Cryogens. 

Q-Q  grms.  of  Q^B.^^  SO4 
and 

7-1  grms.  of  Nas  SO^^ 

were  dissolved,  mixed,  and  allowed  to  evaporate  to  saturation. 
On  cooling  to  0°,  acicular  crystals  were  deposited  (of  sulphate 
of  sodium).  At  —  4°*5  a  cryohydrate  began  to  form;  the 
whole  was  solid  and  dry  at  —  7°.  On  analysis,  by  evaporation 
to  dryness  and  subsequent  strong  heating,  the  portion  last  to 
solidify  was  found  in  two  specimens  to  have  the  following  com- 
position : — 

a.  b.  Mean. 

(NH4)2S04    .     12-23            12-25  12-24 

Na2S04     .     .       4-82              4-86  4-84 

H2O     .     .     .     82-95            82-89  82-92 
The  molecular  ratios  are  accordingly 

Na2S04 1 

(NH4)2S04    ....       2-72 

H2O 135-2 

or  nearly 

4Na2  SO4+  11(NH4)2  SO4  +  54IH2  0. 

As  (§  88)  the  water-worth  of  Nag  SO4  is  165*6,  and  that  of 
(NH4)2  SO4  is  10-2,  this  cryohydrate  can  neither  be  regarded 
as  a  substitutive  cryohydrate  like  that  suggested  in  §  113  for 
the  cryohydrate  of  the  chlorides  of  potassium  and  ammonium, 
nor  as  a  simply  additive  cryohydrate ;  for  the  joint  Avater- 
worth  is  less  than  that  of  the  ammonium  salt  alone.  The  double 
sulphate  of  sodium  and  ammonium  is  formed ;  and  this  has  the 
specific  water-worth  of  135*2  or  (taking  the  higher  molecule) 
of  541. 
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That  the  two  salts  are  not  iudopendent  of  one  another, 
appears  from  their  joint  action  as  a  crvof^en  ;  for  mixed  in 
the  above  equivalent  ratio  and  stirred  with  sno^y,  they  give 
— 1()°.     Comparing  the  joint  with  the  separate  effects, 


and 


The  crvohvdrato  of  (NH4)2  SO4  solidifies  at      -17 
,/      '    „  NaSO^  „_  -  0 

„  „  etpiiv.  mixture  solidifies  at  —   7 


As  a  ciyogen,  (NH4)2  SO4  gives  .     —17-5 
„  Na2_S04  _         „      .     -  0-7 

„  equiv.  mixture  gives  —16 

It  is  manifest  that  the  doul)ling  of  the  salt  is  not  taking 
place  during  the  solution  of  its  two  constituents  when  their 
mixture  is  a  cryogen,  but  that  it  takes  place  Avhen  from  solu- 
tion they  unite  together  in  partnership  with  water  as  a  cryo- 
hvdrate. 
'  §  117.  Variation  of  both  Consfltiienfs  (AX  +  BY). — The  fas- 
cinating hypothesis  of  Berthollet  that  double  decomposition 
alwavs  partially  ensues  when  two  such  salts  as  AX  and  BY 
are  mixed,  even  when  no  removal  from  the  chemical  field  takes 
place  of  any  of  the  possible  new  bodies  resulting  from  the  re- 
combination, may  be  critically  approached  from  the  side  of  the 
crvohydrates  Avith  great  profit.  Let  me  put  the  question  in 
two  concrete  forms,  and  indeed  in  two  of  the  forms  which  I 
immediately  propose  to  examine  experimentally. 
Is  a  solution  consisting  of 

202  grms.  of  KNO3  and  142  grms.  of  Nag  SO4 

dissolved  in  water,  identical  with  a  solution  consisting  of 

170  grms.  of  NaNOg  and  174  of  Kj  SO4 

dissolved  in  the  same  amount  of  water  ? 

If  they  are  identical,  does  any  one  of  the  salts  KNO3, 
NaNOs,  Kg  SO4,  Naj  SO4  exist  as  such  in  either  solution  ? 

§  118.  Comparison  between  a  mixture  of  2XaX03  and 
KjS  O4  and  a  mixture  of  2KNO3  and  Xag  ^O^as  Cryohijdrates 
and  Cryogens. 

33-666  grms.  of  KNO3 
and 

23-666  grms.  of  Nag  SO4, 

both  anhydi-ous,  were  mixed,  dissolved,  and  evaporated  to  satu- 
ration.    This  gave  solution  (1).     Again, 

28-333  grms.  of  XaXOs 
and 

29  grms.  of  Kj  SO4 
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were  treated  in  tlio  same  way.  Tliis  gave  solution  (2).  On 
cooling  (1)  and  (2),  they  showed  the  same  behaviour  throughout 
and  solidified  to  dryness  at  —5°.  And  accordingly  there  is 
so  far  nothing  in  their  behaviour  to  disprove  their  identity. 
But  this  does  not  show  that  ])artial  double  decomposition  has 
ensued  in  l)oth  cases  to  produce  in  each  mixture  a  portion  of 
the  original  synthetical  constituents  of  the  other.  On  the  con- 
trary, a  com})arison  of  this  experiment  with  those  above  dis- 
cussed (of  the  form  AX  +  BX)  goes  very  far  to  prove,  not  that 
there  are  four  salts  in  each  of  the  solutions  1  and  2,  but  that 
there  is  none  of  the  original  salts  in  either.  For  it  has  ap- 
peared that  Avhen  AX  and  BX  are  mixed  in  solution,  the  tem- 
perature of  final  solidification  is  in  no  case  sensibly  above  the 
temperature  required  for  the  solidification  of  that  constituent 
whose  solidification  takes  place  at  the  lowest  temperature. 
Now,  if  in  solution  (1)  or  (2)  there  were  nitrate  of  sodium  pre- 
sent, whether  original  or  derived,  the  final  solidification  would 
not  take  place  above  —17°  instead  of  —5°  as  found.  The 
absence  of  nitrate  of  sodium  argues  forcibly  for  the  absence  of 
each  of  the  other  single  salts.  The  most  rational  formula  for 
such  a  mixture  is  the  most  empirical  one  possible.  As  we 
cannot  intert^^ane  the  sjmibols  into  a  monogram  in  three  dimen- 
sions, I  arrange  them  alphabetically,  and  denote  either  of  the 
solutions  1  or  2  by  HanKNgNaOn+ioS.  I  suppose  the  time 
will  come  vrhen  it  will  be  held  as  illogical  to  consider  that 
KNO3  exists  in  a  solution  of  nitre  as  it  would  be  to  regard  a 
circle  as  a  straight  line  which  has  been  bent  round. 

§  119.  The  same  salts  as  in  §  118  were  now  taken,  but  not 
in  equivalent  quantity  ;  namely 

gi'ms.  grms. 

For  solution  A  there  were  6(3  of  Xas  SO4  and  87'72  of  KNO3, 
B        „  91  „  K2SO,    „    85       „  NaXOs. 

The  salts,  as  before,  were  mixed,  dissolved,  evaporated  to 
saturation,  and  cooled.  The  solutions  being  saturated  at  + 12°, 
were  first  cooled  in  ice  for  an  hour.  During  this,  two  kinds 
of  crystals  separated  from  each  in  sensible  quantity.  On  further 
cooling,  the  temperature  became  and  remained  constant  at 
—  5°  up  to  solidification.  The  last  liquid  portions  of  A  and  B 
ha-sdng  been  removed  to  separate  vessels  before  final  solidifica- 
tion, were  examined  as  far  as  their  proportion  of  sulphuric  acid 
is  concerned. 

The  mother-liquor  of  A  showed  in 

2-277  grms. 
•4205  gnn.  of  ignited  residue, 
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which  gave  •2510  of  BaS04, 

showinnr  "0857  or  20-3  per  cent,  of  SO3  in  residue. 
The  niothor-lifjuor  of  B  sliowed  in 
2-434  ^rms. 
•4320  grni.  of  residue, 
which. gave  -2390    „     of  BaS04, 

showing  "082  or  18*8  per  cent,  of  SO3  in  residue. 

§  120.  Si(lj)/iafe  of  Pofassiuut  and  Choride  of  Sodium  as  a 
Crf/ohi/drate. — The  behaviour  of  the  mixture  of  these  salts  also 
points  to  the  non-existence  of  either. 

8'G  grms.  of  K2  SO.1, 

5-85       „       NaCl 

(  =  KoS04  +  2NaCl) 
were  dissolved,  mixed,  concentrated  to  saturation,  and  cooled. 
At  first  granular  crystals  fell  out.  A  cryohydrate  began  to 
form  at  —6°.  The  aaIioIc  was  dry  at  — 12°"5,  whereas  if 
NaCl  had  been  present  it  would  have  required  —22°.  A 
mixture  in  the  ratio  Kg  SO4  +  NUCI  behaved  in  a  similar  way, 
but  was  dry  at  -10°  C. 

§  121.  Sidphafe  of  Potassinni  and  Chloride  of  Ammoniinn 
as  a  C}-i/oh>/dmte. — Similarly  to  §  120,  a  mixture  in  equivalent 
proportions  of  Kg  SO4  andNH4Cl  became  quite  drv  at  —12°. 
The  salt  XH4  CI  alone  requires  -15°. 

§  122.  In  the  subjoined  Table  the  results  in  regard  to  mix- 
tures of  salts  as  cryohydrates  and  cryogens  are  compared  with 
the  behaviour  of  their  constituents  in  each  capacity. 

Table  XV.  Cryohydrates  and  Cryogens  of  equivalent 
mixtures  of  two  salts. 


Temperature  of  soli- 

Temperature 

dificatiou  of  each 

of  final  solidi- 

Temperature 

Mixed  salt  8. 

constituent  as 

fication  of 

as  cryogen  of 

cryohydrate. 

mixture  as 
cryohydrate. 

mixture. 

(a)                  (b) 

(«)              (f>) 

(«  +  6) 

(a  +  b) 

(1)  KNO3       +ya:^o,... 

-  2  6        -17  5 

-17 

-16-8 

(2)  KCl              +NaCl 

-11-4        -22  0 

-21 

-21-8 

(3)  KCl             4-^Hja... 

-11-4        -150 

-17 

-18 

(4)  Ba2^'03      4-Sr2N03.. 

-  0-8        -   60 

-  4-3 

-  5-8 

(5)  BaClj           +SrCI, 

-  80        -17-0 

-18 

-167 

(6)  (TsHJjSO.+Na.SO,... 

_]7  0        -  0  7 

-  7 

-16 

(7)  2K2SO,       +>:a;SOi... 

-  2-6        -  0  7 

-  5 

(8)  2Na^•03     +K2SO,  ... 

-17-5        -'fl-2 

-  5 

(9)  K^SO^t         4- 2 NaCl  ... 

-   12        -22  0 

-12  5 

This  Table  furnishes  examples  of  the  thi-ee  tv-pical  kinds  of 
relationship  between  the  constituent  salts  and  me  mixture  of 
them  ;  uameh'. 
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(a)  In  (1),  (2),  (4),  ('))  there  appears  to  be  no  relationship 
between  the  saUs.  Thermally,  the  mixture  may  bo  consideretl 
as  a  mean.  The  salt  of  lower  solidifying  temperature  ])revents 
the  solidification  of  the  cryohydrate  of  its  associate.  The  latter 
in  its  turn  presents  the  extreme  cold  being  quite  reached 
proper  to  the  former  when  alone.  In  these  cases  the  mixture, 
Avhen  used  as  a  cryogen,  gives  a  temperature  a  little  above  that 
of  its  more  deeply  de])ressive  constituent.  When  jointly  forming 
a  cryohytlrate,  the  complete  solidification  takes  place  at  a  slightly 
higher  tem})erature  than  when  the  more  strongly  temperature- 
depressing  constituent  is  alone.  The  variations  from  this  may 
not  be  beyond  the  limit  of  observational  error. 

(h)  In  (3)  and  (7)  double  salts  must  be  formed  whose  cryo- 
hydrates  demand  a  lower  temperature  for  solidification  than 
does  either  of  their  constituents. 

((')  Finally,  in  (8)  and  (9)  the  temperature  of  complete 
solidification  is  far  above  the  solidifying  temperature  of  that 
constituent  whose  solidifying  temperature  as  a  cryohydrate  is 
lowest,  where  again  (in  i))  probably  a  double  salt  is  formed, 
having,  if  our  analogy  hold,  a  greater  water-worth  than  NaCl 
and  a  lesser  one  than  Kg  SO4. 

Very  remarkal^le  is  ((J).  Prone  as  the  snlphates  are  to  form 
double  salts,  we  might  indeed  expect,  as  we  find,  a  specific 
temperature  for  the  cryohydrate.  The  difference  of  tempera- 
ture of  rt  +  ^  (6)  when  used  as  a  cryogen  (  —  16°  C.)  and  when 
solidifying  as  a  cryohydrate  (  —  7°),  a  difference  of  9°  C,  has 
at  present  its  only  counteqiart  in  iodide  of  sodium  (§§  65,  68, 
69),  which  as  a  cryogen  has  the  temperature  —  26°'5,  as  a 
cryohydrate  —15°,  a  difference  of  11°"5.  Some  chemists  may 
not  be  unprepared  for  the  suggestion  that  iodide  of  sodium 
may  be  in  solution  a  double  salt.  To  a  few  general  considera- 
tions bearing  on  this  and  kindred  points  I  may  have  to  return 
subsequently.  Meanwhile  the  general  conclusion  to  be  drawn 
from  the  above  experiments  is  probably  this.  Nitrates  of  the 
alkalies  and  alkaline  earths  act  together,  but  not  in  union  (no 
double  salts);  chlorides  may  act  in  union  with  one  another  or 
with  sulphates.  Sulphates  may  act  together  or  with  chlorides 
or  even  with  nitrates.  The  agreement  of  the  composition  of 
the  several  crops  of  cryohydrates  of  (3)  (§  113),  which  points 
to  the  relation  of  almost  exactly  3KCI  +  4NH4CI,  shows  that 
in  the  society  of  solid  water  these  chlorides  have  mutual  equi- 
valents, which,  if  not  in  simple  relation  to  their  so-called  atomic 
weights,  are  yet  equally  definite  and  constant. 

I  have  again  to  acknowledge  my  indebtedness  to  Mr.  B. 
Cowper,  who  has  been  good  enough  to  give  me  great  assistance 
in  the  above  experiments. 


[     «•!     ] 

VIII.   On  the  Second  Law  of  Thermodynamics  in  connexion 
with  the  Kinetic  Theory  of  (t««v.     By  S.  11.  Burbury  *. 

IN  a  memoir  bj  Boltzmamif  is  contained  an  analytical 
proof  of  the  second  law  of  thermodynamics,  founded  on 
results  obtained  in  the  earlier  part  of  the  same  memoir.  The 
writer's  treatment  of  this  i)art  of  the  subject  is  not  characte- 
rized by  his  usual  lucidity,  and  has  given  much  trouble  to  some 
mathcinaticians.  It  is  worth  while  to  show  that  the  second 
law  can  be  deduced  by  a  simple  process  from  Boltzmann's 
results. 

A  great  number,  X,  of  material  particles  are  movincr  in  a 
closed  spherical  vessel.  Forces  of  mutual  attraction  or  repul- 
sion act  between  each  pair  of  particles  and  between  the  par- 
ticles and  the  walls  of  the  vessel.  To  simplif^y  the  case,  we 
will  suppose  that  these  are  the  only  forces  which  act  on  the 
particles. 

Boltzmann  has  shown  that  the  mean  kinetic  energy  is  the 
same  for  every  particle.    Let  T  be  this  mean  kinetic  energy,  and 

3  •  3\ 

let  T=      .     The  mean  kinetic  enegy  of  the  system  is  then  -^^ . 

Let  the  positions  of  the  particles  at  any  instant  be  defined 
by  reference  to  three  rectangular  axes  passing  through  the 
centre  of  the  vessel,  the  coordinates  of  the  several  particles 
being  .r,,yi,ri,...A'^,y^,^A. 

Let  I'  be  the  volume  of  the  vessel. 

The  pressure  exerted  by  the  system  of  moving  particles  on 
any  point  on  the  surface  of  the  sphere  may  vary  from  instant 
to  instant  according  to  the  positions  which  the  particles  hap- 
pen to  have.  But  if  the  motion  be  stationary,  this  pressure 
must  have  on  the  average  of  any  very  long  time  a  certain 
mean  value  P  per  unit  area,  which  in  the  absence  of  im- 
pressed forces  will  be  uniform  over  the  whole  surface. 

Then  P  is  the  force  per  unit  area  which  must  be  exerted  on 
the  surface  of  the  sphere  from  without  in  order  to  maintain 
equilibrium. 

Let  X  ^36  tlie  ergal  for  any  given  positions  of  the  particles 
of  all  the  forces  acting  on  the  particles — that  is,  of  all  the  forces 
which  act  in  any  manner  on  the  system,  except  the  external 
force  P. 

All  those  positions  of  the  particles  for  which  the  coordinates 
of  the  first  particle  are  betAveen  .i'j  and  .r^  +  c/.rj, 

y,  and  y,  +(fy„ 

-1   'ind  Zi+dz^, 

*  Communicated  by  the  Author. 

t  Sitzungsherichte  der  Wiener  Akad.  vol.  Ixiii. 


02     Mr.  ^i.  IT.  Vn\v\)x\\'y  on  the  Second  Law  of  Thermodynamics 
of  the  second  particle  between     .rj  cand  x^-^dx^, 


of  the  Xth  particle  between  .i\  and  .i\  +  d.rx, 

Z),  and  ca  +  dz^, 
may,  when  dx^,  dy^, . . .  dz^  are  very  small,  be  considered  as 
having  the  same  value  of  x  for  ergal,  notwithstanding  any  va- 
riations of  position  within  those  limits. 

Let  all  such  positions  be  deemed  to  constitute  one  couiigu- 
ration,  which  we  may  call  contiguration  M.  Then,  as  Boltz- 
man  has  shown,  the  time  during  which  on  the  average  of  any 
very  long  time  the  system  will  be  Avithin  confio-uration  M  is 
proportional  to 

e'^xcU^dyy...dz^ 
Its  actual  value  is  therefore 

e^^dz',  f/y, . . .  (/-A 


.  e^^dx^dy^  ...dz^ 

the  integration  extending  over  all  possible  configurations.. 
The  mean  value  of  any  function,/,  of  the  position  of  the  par- 
ticles (which  we  denote  as  usual  by  /)  is 

J^S'--re'^dx,dy,...dz,^ 


and  therefore 


%  = 


m 

^^^...-e'^xdx,dy,...dx 


%e''^^-^',  dy^...  dz, 


II.  Now  let  the  system  receive  a  small  accession  of  heat,  SQ, 
and  let  S//,  Bv  he  the  consequent  increments  of  h  and  v.  We 
may  suppose  the  alteration  of  volume  to  be  effected  by  the 
vessel  undergoing  a  uniform  homogeneous  strain,  the  centre 
remaining  fixed.  In  that  case  the  distance,  r,  between  any 
two  points  in  it  beomes  after  the  alteration  6r,  where  0  is 
a  ratio  the  same  for  every  pair  of  points,  and  manifestly 

o    V 

We  further  assume  that  the  external  forces  are  so  adjusted 
as  to  maintain  the  system  in  equilibrium  in  its  altered  state, 
and  that  such  adjustment  takes  place  without  altering  ^  for 
any  given  configuration,  consequently  that  no  change  takes 
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place  in  x  oxcept  as  the  cquivaloit  of  work  donohy  or  a<^ainst 
the  forces  on  cliano;o  of  position  of  tlic  particles.  Then  SQ 
consists  (1)  of  alteration  of  kinetic  energy — that  is, 

(2)  of  alteration  8x  of  %  ;  (3)  of  external  work  clone,  TBv — that 

is. 

We  may  here  observe  that 

8Q-V8v=-^Bh  +  Bx, 

which  is  an  exact  differential  of  a  function  of  two  variables,  h 
and  c.     This  proposition  is  proved  in  a  different  way  by  llan- 
kine  (see  '  The  Stcam-Enoine,'  eighth  edition,  pp.  304-313). 
Again, 

^=-;^8A+fsx+|PS.;      ...    (A) 

and  it  is  required  to  prove  that  this  expression  is  an  exact  dif- 
ferential. 

III.  Consider  the  expression 

^OgJJj'..€*X(/.t.jf/y,...c7~;, 

in  which  the  integration  extends  over  all  configurations  ;  and 
let 

log  JJf . . .  i''x  fZ.,-,  %, . . .  dz^=zu. 

Then  8u  denotes  the  whole  change  which  takes  place  in  u  con- 
sequent on  h  becoming  h  +  8h,  and  v  becoming  v  +  Bv  ;  that  is, 

5.        du  5,,   ,   du  5> 
ow=  "TY  on  +  -y-  ov. 
dh  dv 

Now  for  any  given  configuration  the  ergal  %  is  not  altered  by 
alteration  of  h,  though  the  comparative  frequency  of  the  occur- 
rence of  such  confio-uration  is  altered  ;  therefore 


dh  JJJ   ...  e*xrf.r,rfy,...,fe;,  •* 

dti 
We  have  now  to  find  -r   Bi\     Both  in  the  original  and  in 
dv  '^ 

tlie  altered  volume  the  integration  is  to  be  extended  over  all 
possible  configurations.  Now  for  every  configuration  M  in 
the  original  volume  there  is  in  the  altered  volume  a  correspond- 
ing configuration,  which  we  may  call  M';  and  M'  is  to  bo 
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formed  from  M  l)y  alterin^i;  the  distimce  between  each  pah'  of 
points  in  the  ratio  6  :  I — that  is, 

If,  then,  u,  %,  dj\,  di/i, . . .  dz,^  he  denoted  in  the  altered  volume 
by  accented  letters,  we  shall  have 

7/  =  log  f JJ .  . .  e''x'(/.y'i  d>j'^  .  . .  dz\ 

^\og\6'^l^^^'dx,dy,...dz,], 

since  every  linear  element  dxy,dy.^,  &c.  is  altered  in  the  ratio  6  -.1, 
In  the  last  expression  for  u' ,  y^  is  to  be  treated  as  a  func- 
tion of  .I'l,  yi, . . .  -A..     Then 


dv  °  J  J  J  •  •  •  ^'^  ^^\  dyi"-  d^K 


=  log| 


6'3X 


JJJ...eVcZ.7;j^y,   ...dz. 


=  3Xloo-6'-/i. 


eh^dx^dyy^  .  .  .  (f^x 
.  ..  hyeh^dx^dy^  . 


} 


fZ^ 


V 


l^^...e^xdx,dy,...dz^ 
dv 


JJJ---!^^-^^^i^^i---^~' 


^^^...e^'^dx,dy,...dz. 


=\ 


Sy 


dv 


in  which  expression  ^^  denotes  the  mean  for  all  configurations 

dv 
of  the  alteration  of  %  consequent  on  v  becoming  v  +  Bv. 
Collecting  our  results,  we  obtain 

Bu=dj^Bh+^-^Bv=~x^h  +  X^-'  -h'^Bv.      .     (B) 
dh  dv  ^  V         dv 

IV.  The  system  being  in  stationary   motion  must  satisfy 

Clausius's  equation 

3\ 


fPt'^^;+PSRr, 


in  which  P  is  the  force  acting  from  without  on  the  surface  of 
the  vessel,  and  ^S^Rr  is  the  mean  virial  of  all  the  other 
forces  acting  on  the  system — that  is,  of  all  the  forces  of  which 
the  ergal  is  %. 
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Also  in  22Rr,  R  is  the  re])ulsive  force,  r  the  distance  be- 
tween any  two  particles,  or  between  a  particle  and  a  point  on 
the  surface,  and  the  sunnnation  includes  every  pair  of  points 
l)etween  which  any  force  acts. 

Then  SSR/'  is  a  function  of  position  of  the  particles,  having 
a  definite  value  for  each  configuration,  and  2SR/'  denotes  the 
mean  value  of  SSR/'  for  any  long  time;  and  we  might  therefore 
write 

Now  let 

and  let 


|P2i'  =  PSRr (2) 

It  follows  from  (1)  that 

and 

hV.Bv^X-. 
Also  from  (2),  


P2=PSR-'. 
P28r=iS2:R-r 


=S2RS>-. 
Now  for  each  configuration 

Therefore,  taking  mean  values, 


therefore 
Therefore 


dv 


P2Sy  =  SSRSr  =  -3^St'. 
dv 

hFJv^-h'^Sv. 
*  dv 
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dv 

/,P8r  =  \^^"-/.^g,, 
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And  we  lia\e  seen  that 


Therefore 
that  is, 


Substituting  in  (B),  we  obtain  ' 

S/,=  -;^S/,+//PSr, 
or  • 

/^PSr=xSA  +  8«; 

and  substituting  in  (A),  Ave  obtain 

s^^      ^1       ,       2,_       2     1 
=  S|-XlogA+^Ax+^^^|, 

an  exact  differential. 

2-2 
The  expression  —  A.log/t+ o  ^'%+  o^*  is  what  Rankine  de- 

o  o 

notes  by  0  in  his  equation 

J(7Q  =  T(Z0. 

The  value  which  we  have  obtained  for  ^  is  the  same  as  that 
obtained  by  Boltzmann  in  the  memoir  above  referred  to.  But 
his  expression  for  SQ  is 

3\ 

W 
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which  is  not  easily  to  be  reconciled  with  the  expression  we 
have  used. 

V.  We  have  assumed  hitherto  that  no  alteration  takes  place  in 
^(^  except  as  the  equivalent  of  work  done  by  or  against  the  forces. 
It  is,  however,  conceivable  that  a  change  should  take  place  in 
%  for  one  and  the  same  configuration,  especially  if,  in  the  ad-!- 
justment  of  external  pressure  to  maintain  equilibrium,  new 
forces  be  brought  into  play.  Boltzmann  appears  to  contemplate 
this  case.     We  proceed  to  show  that,  provided  x  ^^  ^^i*  ^^^ 
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configuration  a  I'unctiou  of  li  and  v^  the  function  ^n   i"^  «tlll  an 

exact  dif^'crontial. 

Let  SgY  or    y^  8/i  +    ^-^  8r  be  the  new  alteration  in  y,  whieli 

is  not  \\\('  equivalent  of  work  done,  and  let  h^  he  the  meail 
value  of  Sg^)^. 

Then,  as  the  alteration  is  supposed  to  take  place  without  ex- 
])ense  to  8(^),,  8,^;]^  must  \)o  sul»traeted  from  the  whole  change 
of  the  ergal  in  the  expression  for  SQ.  The  equation  (A)  then 
becomes 

r|,  -  -?^y  +  3  h^x-  3  h\x^  3  ^'rS''- 
Under  the  circumstances  (B)  becomes 

^  ?'  dv  dli  dv 

=  -^8h  +  X^^-hf^8v-h8,x; 
and  by  substitution  we  obtain,  as  before, 

-^  =S  I  — \log//  +  3  hx+  3"  J-  =8<f}. 


IX.    On  the  Production  of  Spectra  by  the  Oicyhydrogen  Flame. 
By  Tasker  H.  Marvin,  Brooklyn,  N.  Y.* 

SIX  or  seven  months  since,  in  using  the  lime-light  for  spec- 
troscopic work,  I  had  the  good  fortune  to  discover  a 
method  by  which  bright-line  spectra,  without  an  accompanying 
continuous  sjiectrum,  could  be  produced  at  will  by  means  of 
the  oxyhydrogen  flame. 

I  had  been  engaged  in  examining  the  spectrum  of  calcium 
superimposed  upon  the  continuous  spectrum,  which  is  easily 
seen  by  bringing  the  collimator  of  a  compound  spectroscope 
to  bear  laterally  upon  the  incandescent  point  of  the  line.  I 
found  that  I  could  bring  out  all  the  bands  of  calcium  and  the 
sodium  line  doubled  sharply  and  brightly,  notwithstanding  the 
brightness  of  the  continuous  spectrum.  When,  however,  the 
proportions  of  hydrogen  and  oxygen  w^ere  so  adjusted  that 
there  was  no  excess  of  the  latter,  the  bright  lines  of  calcium 
and  sodium  disappeared  and  the  continuous  spectrum  alone 
remained.     The  chemical  reaction  then  seemed  evident ;  the 

*  Communicated  bv  the  Author. 
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excess  of  hydrogen  at  the  high  temperature  of  the  flame  seemed 
to  reduce  the  oxide  of  calcium,  and  an  atmosphere  of  vapour 
of  metallic  calcium  partially  enveloped  the  cylinder,  and  hence 
the  double  spectrum. 

Following  the  suggestion,  I  soon  found  a  simple  way  to 
eliminate  entirely  the  continuous  si)ectrum,  leaving  the  other 
remarkably  bright,  sharp,  and  })ersistent.  I  accomplished  this 
by  taking  the  light  from  a  point  above  or  quite  outside  of  the 
incandescent  point  of  lime.  After  various  experiments,  the 
method  adopted  for  producing  these  results  most  satisfactorily 
was  to  prepare  artificial  cylinders  perforated  centrally,  the 
opening  being  \  inch  in  diameter  ;  this  was  slipped  on  the  jet, 
which  was  a  double  one,  the  two  jets  of  gas  playing  upon  oppo- 
site sides  of  the  inner  surface  of  the  hollow  cylinder.  This 
threw  a  flame  directly  upwards,  from  which  the  spectrum  was 
obtained. 

The  incandescent  points  being  within  the  cylinder,  no  con- 
tinuous spectrum  was  possible ;  and  the  results  produced  by 
this  device  were  in  the  highest  degree  satisfactorv. 

It  was  evident,  if  lime  could  thus  be  reduced  and  the 
metal  volatilized,  that  other  oxides  could  be  similarly  treated ; 
I  therefore  had  hollow  cylinders  of  strontia  prepared,  from  which 
I  obtained  the  strontia  spectrum  with  far  greater  brightness 
and  persistency  than  is  jwssible  by  ordinary  means.  Indeed,  so 
far  as  my  experiments  have  gone,  I  see  no  reason  why  this 
method  is  not  applicable  to  most  of  the  metallic  oxides.  In 
experimenting,  however,  ■s\'ith  an  easily  fusible  oxide,  like  that 
of  copper,  I  have  found  it  necessary  to  combine  it  with  some 
very  refractory  substance,  like  alumina,  in  order  to  prevent 
fusion. 

In  applying  this  method  to  the  projection  of  spectra,  the 
results  were  very  satisfactory,  and  they  Avarrant  the  expecta- 
tion that  the  projection  of  most  spectra  may  be  effected  in  this 
way.  My  experiments  in  this  direction  have  been  limited  for 
want  of  time. 

An  attempt  to  photograph  the  lines  projected  to  a  distance 
of  2  or  3  feet  was  sufficiently  successful  to  satisfy  me  of  the 
practicability  of  the  operation. 

I  should  say  that  having  called  the  attention  of  my  friend 
Professor  A.  K.  Eaton  to  these  facts,  he  has  willingly  lent  his 
aid  in  the  prosecution  of  these  experiments,  particularly  in  the 
line  of  projection. 

Hoboken,  New  Jersey,  Dee.  16,  1875. 
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X.   On  a  neicfundamental  Lmo  of  Electrodynamics. 
By  Professor  R.  Clausius  *. 

IN  order  to  explain  clectrodynaTnic  plienomena,  W.  "Weber, 
as  is  well  known,  advanced  a  hnv  on  the  force  exerted  on 
each  other  by  two  niovino-  particles  of  electricity.  Let  c  and 
e'  be  the  two  })articles,  each  of  which  may  be  either  positive  or 
negative,  and  let  r  be  their  distance  from  each  other,  which  is 
to  be  regarded  as  a  fnnction  of  the  time  t ;  according  to  Weber 
these  particles  exert  a  repulsion  upon  one  another  which  is  re- 
presented by  the  formula 

e^r         \(dr\^      2     (Pi'-\ 
r'l}      ?[dtJ  "^^''^J' 
in  which  c  is  a  constant. 

Against  this  formula  objections  have  been  raised  by  Helm- 
holtz  ;  and  from  reasons  ([uite  independent  of  Helmholtz's,  the 
conviction  has  forced  itself  upon  me  that  it  does  not  correspond 
to  the  reality.  On  the  other  hand,  my  considerations  have  led 
me  to  another  dynamic  law,  which  I  take  leave  to  communi- 
cate proAasionally,  reserving  for  a  subsequent  occasion  the 
complete  exposition  of  the  reasons  which  have  induced  me  to 
advance  it.  Two  remarks  only,  serving  for  elucidation,  I  nmst 
premise  before  introducing  the  formulae. 

If  we  start  from  the  conception  that  the  electrodynamic 
action  upon  each  other  of  two  moving  particles  of  electricity 
takes  place  through  an  intervening  substance,  we  need  not 
assume  that  it  is  dependent  only  on  the  relative  motion  of  the 
particles,  but  we  can  also  ascribe  an  influence  upon  it  to  the 
absolute  motions  of  the  two  individual  particles.  If,  for  in- 
stance, two  electric  particles  are  moving  in  parallel  directions 
with  equal  velocity,  and  consequently  are,  relatively  to  one 
another,  at  rest,  they  may  yet  exert  a  reciprocal  electrodynamic 
action ;  for  to  the  medium  existing  between  them  they  behave 
differently  from  particles  actually  at  rest.  Further,  with  this 
conception,  we  need  not  assume  that  the  direction  of  the 
electrodynamic  force  coincides  with  the  line  connecting  the 
two  particles,  but  may  also  admit  forces  from  other  directions 
as  possible. 

Let,  now,  x,  y,  z  and  x' ,  y' ,  z'  be  the  rectangular  coordinates 
of  the  two  electric  particles  e  and  e'  (concentrated  in  points)  at 
the  time  t ;  and  for  the  relative  coordinates  of  the  particle  e  to 
the  particle  e'  let  us  introduce  the  following  symbols — 
^=r.v-.v',  7)=y-y',  };  =  z-z'. 

*  Translated  from  a  sepai-ate  impression  commimicated  by  the  Author, 
liaidng  been  read  before  the  Niederrheinische  Gesellschaft  fiir  Natur-  und 
Heilkunde,  December  6th,  1875. 
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Call  the  distance  between  the  two  particles  r.  Further,  let  ds 
and  dti'  bo  two  path-elements  siniultanoously  passed  through 
by  the  particles,  e  the  angle  between  them,  and  r  and  r'  the 
velocities.  If  then  the  components  (falling  in  the  coordinate- 
directions)  of  the  total  electrostatic  and  electrodynamic  force 
suftered  \)\  the  particle  e  from  the  particle  (/  are  represented 
by  X^'f',  Yee' ,  and  T^eef ,  the  following  equations,  written  first 
in  the  most  general  form,  hold  good,  in  which  k  is  a  positive 
constant  referred  to  the  quantitati^'e  ratio  between  the  electro- 
dvnamic  and  electrostatic  portions  of  the  force,  and  a  another 
constant,  of  which  we  shall  speak  further  on  : — 

X=4  -44cos.+«^)»«'+-t^,^^f); 

r^         \r  dsds'/  dt\rdtj 


Y= 


V*'"  dsds'/  dt\rdt/ 


.?? 


Z=  4  -^ (4  cos  6  +  n -Jl^ vv'  -^-k^i -^f ). 
r^         \r^  dsds'/  dt\rdtj 

From  these  equations  all  the  forces  and  induction-actions 
exerted  on  one  another  by  galvanic  currents  can  be  deduced. 

Tlie  three  components  of  the  force  exerted  on  a  current- 
element  ds  by  a  current-element  ds'  are  represented  generally 
by  the  following  expressions — 

-f  1    1  f{      ^  ,  (Jr  d^  ,  drd^     ^        r\ 

Cll'  ds  ds'i  —   \  cos  €  +  -r-y-^  +  -—y?  —U  -__  | 

\      r*  ds' ds       ds'ds'         dsds'/ 

1  -  d!"^ 

cii'  dsds'f  -  \  cose+  ±'h  +±'h  _,,,.JL\ 
\     »•'  ds'ds^dsds'        dsds'/ 

d}      d}         fpi 

cii'dsds'f-  ^cose+Jl'^^+Jl'^^  -n  1^\ 
V      r^  ds'ds^dsds'         dsds'/ 

in  which  i  and  i'  signify  current-intensities,  and  c  is  a  positive 
constant  dependent  on  the  constant  k  and  also  on  the  unit 
selected  for  the  measure  of  the  current-intensity. 

The  question  now  is,  what  value  is  to  be  given  to  the  con- 
stant n  ?  If  the  value  1  be  chosen,  the  preceding  expressions 
will  represent  the  components  of  th«  same  force  that  was  de- 
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ducod  liy  Ampere,  namely  an  attraction  of  the  strength 


This  Amp6rian  formnla,  however,  cannot  be  proved  by  ex- 
periment for  two  single  elements  of  current,  but  the  experi- 
mental proof  always  refers  to  cases  in  Avliicli  at  least  one  of  the 
currents  is  closed.  Hence  other  forces  may  be  regarded  as 
admissible  between  two  current-elements,  if,  for  the  case  in 
Avhich  one  current  is  closed,  they  only  give  the  same  result 
that  Avas  given  by  Ampere's  calculation.  Such  forces  are  ob- 
tained when  various  values  are  given  to  the  constant  n  in  the 
above  expressions ;  for  the  term  affected  by  the  factor  ??,  occur- 
ring in  each  of  the  three  expressions,  which  is  a  differential 
coefficient  of  the  second  order  according  to  s  and  s' ,  becomes  in 
the  integration  over  a  closed  current  zero,  and  consequently 
cannot  have  any  influence  on  the  force  which  a  closed  current 
exerts  on  a  current-element. 

Hence,  if  we  admit  as  certain  only  that  which  has  been  con- 
firmed by  experiment,  we  can  provisionally  consider  n  a  con- 
stant yet  to  be  determined.  Theoretically,  however,  that  value 
is  the  most  probable  which  makes  the  fundamental  equations 
simplest,  viz.  the  value  0,  by  which  those  equations  are  trans- 
formed into 

X=|-(l-i-n/co.,.)  +  ^|(,^f), 
Y=J(l-i«,'cose)+i.|(l^), 
Z=|(l-i™'cose)+i|(-lf). 
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June  17,  1875. — Joseph  Daltou  Hooker,  C.B.,  President,  in 
the  Chair. 

'T'HE  follo\A"ing  Papers  were  read  :— 

■^      "  On  a  new  Form  of  Dynamo-Magneto-Electric   Machine." 

By  S.  C.  Tisley. 

In  the  first  machines  constructed  by  Siemens  and  Wheatstone  in 
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1867  (see  Royal  Society's  Transact ious)  the  power  o£  augmentiiio' 
the  magnetism  by  successive  currents,  de^  eloijccl  from  the  original 
residual  magnetism  contained  in  the  iron,  \\as  fully  demonstrated, 
and  it  ^\•as  shown  that  the  power  of  the  machine  could  thereby 
be  developed  to  a  great  extent ;  but  the  only  means  for  obtaining 
external  work  was  by  the  insertion  in  the  circuit  of  a  magnet  or 
coil  so  that  the  secondary  discharge  could  be  utilized.  8ir  Charles 
Wheatstone  also  showed  that  a  great  part  of  the  current  could 
be  shunted  through  a  platinum  wire,  care  being  taken  that  the 
resistance  of  the  platinum  wire  was  sufficient  to  compel  a  large 
part  of  the  current  to  pass  round  the  electromagnet. 

In  the  same  year  the  writer  designed  a  machine  which  was  made 
by  Mr.  Ladd,  and  described  by  him  in  a  paper  read  before  this 
Society  (see  Transactions),  the  principle  of  which  was  that  two 
separate  armatures  being  introduced,  one  was  employed  for  mag- 
netizing the  machine,  the  other  being  used  for  external  work. 
This  machine  gave  a  good  electric  light  &c.,  and  was  shown  iu 
the  Exhibition  of  Paris,  1867,  when  a  silver  medal  was  awarded 
for  it. 

To  simplify  this  machine,  the  author  of  this  paper  afterwards 
placed  the  two  armatures  in  the  same  groove  between  the  poles 
of  the  electromagnet,  bolting  the  two  together  at  right  angles  to 
each  other,  so  that  they  came  under  the  influence  of  the  magnetism 
alternately;  by  this  method  one  pair  of  bearings  was  sufficient 
instead  of  two,  and  the  machine  altogether  was  much  simplified. 

The  machine  now  about  to  be  described  is  a  still  further  modifi- 
cation, in  wliich  the  greatest  amount  of  simplicity  and  effective 
power  are  combined. 

The  apparatus  consists  essentially  of  an  electromagnet  with 
shoes,  forming  a  groove  in  which  a  Siemens's  armature  is  made  to 
revolve  :  this  is  much  the  same  as  the  original  machines  made  by 
Siemens  and  Wheatstone ;  but  the  difference  occurs  in  the  break  or 
commutator ;  here  there  are  two  springs  or  rubbers  employed  in 
taking  the  current  off  from  the  commutator.  The  commutator  con- 
sists of  three  rings  :  one  of  these  rings  is  complete  for  three  quarters 
of  the  circle,  the  other  quarter  being  cut  away ;  another  ring  is  cut 
away  three  quarters,  leaving  the  one  quarter ;  and  iu  between  these 
two  rings  is  a  third  ring,  insulated  and  connected  with  the  insu- 
lated end  of  the  wire  wound  round  the  armature ;  on  this  centre 
ring  are  projecting  pieces,  one  a  quarter  of  a  circle  and  the  other 
three  quarters,  so  arranged  as  to  complete  the  two  outer  circles. 
The  rubber  spring  which  comes  into  contact  with  the  quar;;er  of 
the  middle  circle  is  connected  with  the  electromagnet  of  the  machine, 
and  the  armature  is  so  arranged  that  at  the  time  of  contact  the 
best  magnetizing  current  is  developed.  The  other  spring  rubber 
is  in  connexion  with  the  wire  on  the  armature  during  the  other 
three  quarters  of  its  revolution ;  and  this  is  connected  with  any 
external  piece  of  apparatus  required  to  be  worked. 

By  this  arrangement,  the  alternate  currents  being  utilized,  they 
are  all  in  the  same  direction;  and  by  the  length  of  contact  the 
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whole  of  the  curi'ent  is  obtained  in  tlie  best  condition  for  lieatingf 
wires,  decomposing  water,  gi^ing  an  elcetrie  light,  and  other  usual 
experiments. 

At  present  a  model  iiiarhiiu^  has  been  constructed  on  this  prin- 
ciple, the  armature  of  which  measures  ~)  inches  long  by  2  inches 
diameter,  on  which  is  wound  about  50  feet  of  cotton-covered  copper 
wire,  no.  10,  B.  W.  G.  The  magnet  has  about  .'300  feet  of  covei-ed 
copper  wire,  no.  14,  B.  AV.  G.  :  the  whole  instrument,  without 
the  driving-gear,  weighs  20  lbs. ;  with  this  apparatus  S  inches  of 
platinum  wire,  'OOo,  can  be  made  red-hot,  water  is  rapidly  decom- 
posed, &c. 

The  armature  is  constructed  specially  to  prevent  the  accumulation 
of  heat  to  which  every  class  of  dynamo-magneto-electric  machine  is 
liable.  It  is  made  in  two  halves,  a  groove  of  a  zigzag  form  being 
cast  in  each  half,  so  that  when  the  two  are  screwed  together  a 
continuous  channel  is  maintained  through  tlie  bearings  for  a  cur- 
rent of  cold  water  to  pass  during  the  whole  time  the  machine  is  at 
work. 

The  advantages  suggested  by  these  arrangements  are  their  ex- 
treme simplicity,  the  few  number  of  parts,  only  one  armature  and 
one  wire  being  used. 

This  principle  of  the  alternate  current  being  utilized  is  also 
applicable  to  machines  constructed  on  the  multiple  armature  prin- 
ciple ;  and  the  economy  thereby  resulting  would  prove  of  great 
advantage,  as  the  power  of  the  machine  could  be  varied  by  throwing 
into  the  electromagnets  either  every  other  current,  or  every  fourth, 
sixth,  or  eighth  current,  according  to  the  strength  requii*ed  in  the 
machine,  the  whole  of  the  other  cui'rents  being  utilized  for  electric 
light  or  otherwnse. 

"  On  the  Determination  of  Yerdet's  Constant  in  Absolute  Units."' 
By  J.  E.  H.  Gordon,  B.A.,  Gouville  and  Caius  College,  Cambridge*. 

In  the  year  1845  Faraday  discovered  that  certain  media  possess 
the  property  of  rotating  the  plane  of  polarization  of  light  passing 
through  them  when  a  magnetic  force  acts  on  them.  About  the 
year  1853  M.  Yerdet  found  that  with  the  same  magnet  and  medium 
the  rotation  is  directly  proportional  to  the  strength  of  the  magnet 
— that  is,  that  the  ratio  between  the  amount  of  rotation  and  the 
intensity  of  the  magnetic  field  is  constant. 

The  object  of  this  investigation  is  to  measure  this  constant  in 
absolute  units  for  a  standard  substance.  Distilled  water  was  used, 
and  the  magnetic  force  was  produced  by  means  of  an  electric 
current  in  a  helix,  as  the  magnetism  of  iron  magnets  is  an  unde- 
termined function  of  the  shape  and  nature  of  the  iron  core. 

The  strength  of  the  helix  was  determined  by  comparing  the 
magnetic  force  at  a  series  of  seven  equidistant  points  along  its 

*  The  whole  of  this  work  has  been  done  under  Prof.  Clerk  Maxwell's  super- 
intendence. He  suggested  the  method  and  nearly  all  the  details ;  and  any 
merit  which  the  investigation  may  have  belongs  to  him.  He  is,  however,  in  no 
way  responsible  for  any  errors  there  may  be  in  the  numerical  results. 
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axis  in  terms  of  that  at  the  centre  of  the  great  dynamometer  of 
the  Eritisli  Associaliou,  whose  power  is  known  in  absohite  measure. 

'J'lie  intensities  Mere  compared  by  varying  currents  sent  opposite 
ways  through  each,  till  the  action  on  a  small  magnet  at  their 
common  centre  \Aas  nil. 

The  intensity  at  each  of  a  series  of  points  being  known  for  a  given 
current,  the  ditfercnce  of  magnetic  potential  at  the  two  ends  for 
that  current  was  obtained  by  integrating  with  respect  to  the  length 
between  limits  corresponding  to  the  end  of  the  helix. 

For  this  Weddle's  rule  was  used,  viz. 


«^'^.V=  ~  h  {,A^  +  H^  +  H^  + w^4-5((f^  +  w.)  +  0»,3}, 


^h 


where  G  is  the  length  of  the  helix  and  Ux  the  magnetic  intensity 
at  any  point. 

The  difference  of  magnetic  potential  at  the  ends  for  a  certain 
current  being  kno-^ni,  the  strength,  N,  of  the  helix  (which  is  the 
ratio  of  this  difference  to  the  current,  or  the  difference  of  mag- 
netic potential  which  woidd  be  due  to  a  unit  current)  is  known,  and 
is  a  nuniher,  because  current  and  magnetic  potential  are  of  the  same 
dimensions. 

In  the  helix  used,  which  was  about  26-34  centims.  in  length 
and  13  centims.  in  diameter,  we  had 

N= 10752. 

The  absolute  value  of  the  degrees  of  a  tangent  galvanometer 
was  also  determined  by  placing  it  under  the  dynamometer. 

To  determine  the  rotation  of  the  plane  of  polarization,  a  NicoFs 
prism,  set  in  a  circle,  was  used,  and  the  light  was  polarized  by 
means  of  a  prism  invented  by  Professor  Jellett,  and  described  by 
him  in  vol.  xxv.  of  the  Transactions  of  the  Eoyal  Irish  Academy. 

It  was  constructed  of  Iceland  spar,  and  its  field  of  A-ision  con- 
sisted of  a  circle  divided  by  a  line,  the  light  of  one  half  of  which 
was  polarized  in  a  certain  plane,  and  the  light  of  the  other  half  in  a 
plane  inclined  at  aboiit  2°  to  that  of  the  first.  The  intermediate 
position  of  the  JSTicol,  when  the  whole  field  was  equally  dark, 
conld  be  determined  \\'ith  some  accuracy. 

The  water  was  contained  in  a  tube  with  glass  ends,  of  the  same 
length  as  the  helix,  and  placed  with  it.  The  polarized  ray  was 
sent  through  it,  and  a  current,  whose  intensity,  C,  was  measured 
by  the  tangent  galvanometer  included  in  the  circuit,  was  sent 
through  the  helix  first  in  one  direction  and  then  in  the  other,  and 
the  plane  of  polarization  observed.  Half  the  difference  of  the 
readings  was  the  rotation  produced  by  the  current. 

If  we  call  6  this  rotation  expressed  in  circidar  measure,  and 
define  Yerdet's  constant  as  the  rotation  which  a  unit  current  in 
a  unit  coil  could  produce  in  unit  of  length  of  distilled  water,  we 
have 

0 
"  =  NC' 
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The  result  of  the  series  of  experiments  made  ^A•a3  to  ol)tain  for 
u  the  value 

10  —  (10-")4'49  centimetre-grammo-seconds. 

Its  dimeusious  obviously  are  the  reciprocal  of  those  of  cun-ent, 
viz. 

M=[l-5M-jT]. 

If  we  put  our  I'esult  in  a  slightly  different  form  we  may  say  that, 
If  plane  polarized  liglit  passes  through  distilled  water,  and  the 
magnetic  potential  of  the  water  at  any  two  points  in  the  i)ath  of 
the  ray  ditfers  by  imity,  tlien  the  plane  of  polarization  will  be 
rotated  between  those  points  4|-  teu-millionths  of  a  unit  of  circular 
measiu'e. 

Cayendish  Laboratory,  Cambridge, 
April  30,  1875. 

"  On  Eolling-Frictiou."     By  Professor  Osborne  Eeynolds. 

Tlie  motion  of  a  roller  or  wheel  on  a  surface  is  always  attended 
with  I'esistance.  Coulonib  made  some  experiments  w'\i\v  A\ooden 
rollers  on  a  wooden  plane,  from  which  he  deduced  two  laws,  viz. 
that  the  resistance  is  proportional  to  the  weight  of  the  roller,  and 
inversely  proportional  to  its  diameter.  These  la\A's  have  since  been 
found  to  apply  to  other  substances,  a  different  coefficient  being  used 
in  each  case.  Beyond  this,  ho^^•ever,  notliing  appears  hitherto  to 
have  been  ascertained  as  regards  the  nature  of  this  resistance  to 
rolling.  The  som-ce  from  which  it  springs  does  not  appear  to  have 
been  made  the  subject  of  investigation. 

Some  time  ago  it  occurred  to  the  author  that  it  \^"as  pi'obable 
that  the  deformation  of  the  surface  of  the  roller  aud  of  the  plane, 
which  must  take  place  at  the  point  of  contact,  woidd  aifect  the 
distance  which  the  roller  would  advance  in  turning  through  a 
cex'tain  angle  *.  The  pressure  of  the  roller  on  the  plane  causes  a 
certain  temporary  indentation  and  lateral  extension  in  the  latter, 
so  that  m.  passing  from  one  point  to  another  the  roller  does  in 
truth  pass  over  a  greater  extent  of  surface  than  the  distance  between 
these  points.  A  simple  experiment  Mas  sufficient  to  verify  the 
truth  of  this  conclusion.  An  iron  roller  18  inches  in  circumference 
was  found  to  roll  through  something  like  |  inch  less  than  a  yard 
in  two  complete  revolutions  when  roUing  on  a  plate  of  india-rubber. 
The  softness  of  the  india-rubber  suffered  the  roller  to  indent  it 
considerably ;  aud  hence  it  might  be  expected  that  the  effect  would 
be  much  more  apparent  than  when  the  roller  was  rolling  on  iron 
or  any  hard  material.  At  the  same  time  there  is  doubtless  a  certain 
amount  of  indentation  in  this  latter  case ;  aud  this  will  probably 
cause  a  similar  alteration  in  the  distance  rolled  through,  although 
too  small  to  allow  its  being  measured. 

Th's  falling  off  from  what  may  be  called  the  geometrical  distance, 
suggested  an  explanation  of  the  resistance  to  rolUng,  namely,  that 
the  extension  of  the  surface  or  surfaces  at  the  point  of  contact 
*  The  Engineer,  27th  Not.,  1874. 
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causes  tlie  one  suvfaco  to  slide  o\cr  the  other;  and  this  sliding  is 
ac-eomplished  against  friction.  In  this  vay  we  should  expect  to 
find  the  resislanee  to  rolling  greatest  under  those  circumstances  in 
which  the  sliding  is  greatest,  i.  c.  where  the  indenlation  is  greatest ; 
and  so  far  it  is  in  accordance  with  Coidomb's  laws.  In  the  case 
of  india-rubber,  we  find  the  slipping  is  very  lai*ge  ;  and  hence  we 
should  expect  the  resistance  to  rolling  to  be  large  also  ;  and  ac- 
cordingly we  find  it  so,  for  it  is  more  than  ten  times  as  great  as 
when  the  roller  is  on  an  ii'on  plane.  This  very  great  resistanee 
■which  india-rubber  causes  to  rolling  appears  not  to  have  previously 
caught  attention ;  and  yet  it  is  the  natural  explanation  of  the 
invariable  failure  which  has  attended  the  numerous  endeavours 
M  hich  have  been  made  to  use  this  material  for  the  tires  of  wheels. 

This  idea,  that  the  resistance  to  i-olliug  is  due  to  the  friction 
between  the  surfaces  sliding  at  the  point  of  contact,  naturally  leads 
to  the  conclusion  that  it  must  depend  on  the  coefficient  of  friction 
between  these  surfaces,  and  that  we  might  expect  to  diuiinish  the 
resistance  by  using  oil  or  any  other  means  of  reducing  the  coefficient 
of  friction.  This  was  the  author's  first  impression.  Experiments, 
however,  showed  that  the  effect  of  oiling  the  surface,  although  it 
did  generally  reduce  the  resistance,  was  very  small ;  and  sometimes 
it  appeared  to  act  in  the  reverse  manner,  and  increase  the  resistance. 
This  conclusion  or  surmise  was  therefore  wrong ;  and  the  cause  of 
the  error  was  not  far  to  seek.  It  consisted  in  having  overlooked 
the  fact  that  friction  not  only  opposes  the  sliding  of  the  one  surface 
over  the  other,  but  also  prevents  it  to  a  considerable  extent,  and 
thus  modifies  the  deformation  which  would  otherwise  take  place ; 
so  that  any  diminution  in  the  coefficient  of  friction  is  attended 
with  an  increase  in  the  extent  of  slipping,  which  tends  to  balance 
the  advantage  gained  by  the  reduced  coefficient. 

The  truth  of  this  view  derives  independent  support  from  a  cir- 
cumstance remotely  connected  with  rolling-friction,  of  which  it 
furnishes  an  explanation.  When  the  roller  rests  on  a  horizontal 
surface  and  is  very  slightly  distui'bed,  it  does  not  move  off,  but 
oscillates  backwards  and  forwards.  This  happens  on  all  kinds  of 
elastic  surfaces  ;  on  soft  india-rubber  the  oscillations  are  both  large 
and  continue  To  •  some  time.  IN'ow  if  the  deformation  in  the  surface 
of  the  ruo  )e  •  were  complete,  there  would  be  no  tendency  to  bring 
the  roller  back  ;  but  since,  owing  to  friction,  the  india-rubber,  imder 
the  advancing  side  of  the  roller,  is  prevented  from  extending  while 
that  under  the  other  side  is  pre^•ented  from  contracting,  there  \vill 
exist  a  state  of  constraint  from  which  the  surface  is  endeavouring 
to  free  itself  by  forcing  the  roller  back. 

Besides  the  relative  softness  of  the  materials,  the  curvature  of 
the  roller  \i'ill  affect  the  lateral  extension  both  of  the  roller  and 
the  plane  at  the  point  of  contact,  so  that  if  the  roller  and  the  plane 
were  of  the  same  material  there  would  still  be  slipping.  This 
would  not  be  the  case,  however,  between  two  wheels  of  the  same 
diameter  and  material  rolling  in  coiitact. 

Such  is  a  short  sketch^of  the  subject  of  the  paper,  a  considerable 
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part  of  which  is  devoted  to  the  examination  and  illustration  of 
the  exact  manner  in  which  the  deformation  at  th(!  point  of  contact 
occiu's,  and  the  inHuence  of  friction  \ipon  it.  The  latter  part  of 
the  ])aper  contains  an  account  of  numerous  experiments,  and  their 
results,  which  were  undertaken  as  part  of  this  investigation. 

The  lirst  series  of  experiments  relaie  fo  the  resistance  which  an 
iron  roller  experiences  on  surfaces  of  ditferent  hardness.  Cast  ii-on, 
glass,  brass,  boxwood,  and  india-rubber  were  tried.  Extreme  care 
was  taken  to  make  the  roller  and  the  siu-faces  true  ;  and  this  was  so 
far  successful  that  on  cast  iron  the  roller  would  roll  in  either  direc- 
tion whtMi  the  surface  had  an  inclination  of  one  in  tivt>  thousand, 
or,  roughly,  a  foot  ifi  a  mile.  Comparing  the  different  surfaces,  we 
see  that  tlie  resistance  increases  with  the  softness,  althougli  appa- 
rently not  in  the  simple  proportion;  on  boxwood  the  resistance  is 
nearly  double  as  great  as]  on  the  hai'der  surfaces,  and  on  india- 
rubber  from  six  to  ten  times  as  great. 

The  second  series  of  experiments  were  to  ascertain  the  actual 
extent  of  slipping  ou  india-rubber,  both  with  a  cast-iron  roller  and 
also  with  an  india-rubber  tire  glued  on  to  the  roller,  and  rolled  on 
hard  surfaces  and  on  plates  of  india-rubber  of  different  thicknesses. 

These  experiments  bear  out  the  arguments  expressed  in  the  first 
part  of  the  paper ;  in  fact  the  arguments  were  based  on  the  ex- 
periments. There  is  no  intention  to  imply  that  the  whole  of  the 
resistance  to  rolling  is  in  all  cases  due  to  the  causes  already  men- 
tioned. Under  ordinary  circumstances  the  irregularities  of  the 
surfaces  and  the  crushing  of  the  material  beneath  the  roller  are 
the  chief  causes.  And,  besides  these,  two  other  causes  are  discussed 
in  the  paper  as  having  been  brought  to  light  by  the  experiment, 
viz.  the  communication  of  heat  between  the  compressed  material  and 
that  which  surrounds  it,  which  prevents  the  material  immediately 
expanding  to  the  same  volume  as  it  previously  occupied,  and  the 
^•iscosity  of  the  material,  which  also  renders  it  slow  to  expand. 
Both  these  causes  are,  however,  rather  connected  with  the  effect 
of  the  speed  of  the  roller  on  the  resistance  than  with  the  residual 
resistance,  which,  so  far  as  the  surfaces  are  perfectly  true  and  per- 
fectly hard,  appears  to  be  due  to  the  friction  which  accompanies 
the  deformation,  and  is  hence  called  rolling-friction. 

No  attempt  has  yet  been  made  to  investigate  the  laws  of  rolling- 
friction,  although  the  author  hopes  to  continue  the  investigation  in 
this  direction  as  soon  as  he  has  obtained  the  necessary  apparatus. 

At  the  end  of  the  paper  attention  is  called  to  certain  phenomena 
connected  with  rail\^•ay-wheels,  which  it  is  thought  now,  for  the 
first  time,  receive  an  explanation.  Thus  the  surprising  superiority 
of  steel  rails  over  iron  in  point  of  durability  is  explained  as  being 
due  as  much  to  the  fact  that  their  hardness  prevents  the  wearing- 
action,  i.  e.  the  slipping,  as  that  it  enables  them  better  to  withstand 
the  wear.  Also  the  slipping  beneath  the  wheel  explains  the  wear 
of  the  rails  in  places  where  brake  are  not  applied  ;  and  the  severe 
lateral  extension  beneath  the  wheel  is  thought  to  explain  the  scaling 
of  wrought-irou  rails. 
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"  Preliminary  Xotice  of  i'lirthor  Researches  on  the  Physical  Pi'o- 
perties  of  Matter  iu  the  Liciuid  and  Gaseous  States  under  varied 
conditions  of  Pressure  and  Temperature."   By  Dr.  Andrews, P.11.8, 

The  investigation  to  which  this  note  refers  has  occupied  me,  -with 
little  intermission,  since  my  former  communication  in  18G!)  to  the 
Society,  "  On  the  Continuity  of  the  Liquid  and  Gaseous  States  of 
Matter."  It  was  undertaken  chiefly  to  ascertain  the  modifications 
which  the  three  great  laws  discovered  respectively  by  Boyle,  Gay- 
Lussac,  and  Ualton  undergo  when  matter  iu  the  gaseous  state  is 
placed  under  physical  conditions  differing  greatly  fi-om  any  hitherto 
\^ithin  the  reach  of  observation.  It  embraces  a  large  number  of 
experiments  of  precision  performed  at  different  temperatures  and 
at  pressures  ranging  from  twelve  to  nearly  three  hundred  atmo- 
spheres. The  apparatus  employed  is,  in  all  its  essential  parts, 
similar  to  that  described  in  the  paper  referred  to  ;  and  so  perfectly 
did  it  act  that  the  readings  of  the  cathetometer,  at  the  highest 
pressures  and  temperatures  employed,  were  made  with  the  same 
ease  and  accuracy  as  if  the  object  of  the  experiment  had  been 
merely  to  determine  the  tension  of  aqueous  vapour  in  a  barometer- 
tube.  In  using  it  the  chief  improvement  I  have  made  is  in  the 
method  of  ascertaining  the  original  volumes  of  the  gases  before 
compression,  which  can  now  be  known  with  much  less  labour 
and  greater  accuracy  than  by  the  method  I  formerly  described. 
The  lower  ends  of  the  glass  tubes  containing  the  gases  dip 
into  small  mercurial  reservoirs  formed  of  thin  glass  tubes,  which 
rest  on  ledges  ^vithin  the  apparatus.  This  arrangement  has  pre- 
vented many  failures  in  screwing  up  the  apparatus,  and  has  given 
more  precision  to  the  measurements.  A  great  improvement  has 
also  been  made  in  the  method  of  preparing  the  leather-washers 
used  in  the  packing  for  the  fine  screws,  by  means  of  which  the 
pressure  is  obtained.  It  consists  in  saturating  the  leather  with 
grease  by  heating  it  in  vacuo  under  melted  lard.  In  this  way  the 
air  enclosed  within  the  pores  of  the  leather  is  removed  without 
the  use  of  water,  and  a  packing  is  obtained  so  perfect  that  it 
appears,  as  far  as  my  experience  goes,  never  to  fail,  pro^^ded  it 
is  used  in  a  vessel  filled  -with  water.  It  is  remarkable,  however, 
that  the  same  packing,  when  an  apparatus  specially  constructed 
for  the  purpose  of  forged  iron  was  filled  with  mercury,  always 
yielded,  even  at  a  pressure  of  40  atmospheres,  in  the  course  of  a 
few  days. 

It  is  with  regret  that  I  am  still  obliged  to  give  the  pressures  in 
atmospheres  as  indicated  by  an  air-  or  hydrogen-manometer,  with- 
out attempting  for  the  present  to  apply  the  corrections  required 
to  reduce  them  to  true  pressures.  The  only  satisfactory  method 
of  obtaining  these  cori-ectious  would  be  to  compare  the  indications 
of  the  manometer  with  those  of  a  column  of  mercury  of  the  requi- 
site length;  and  this  method,  as  is  known,  was  employed  by 
Arago  and  Dulong,  and  afterwards  in  his  classical  researches 
by  Eeguault,  for  pressures  reaching  nearly  to  30  atmospheres. 
Tor  this  moderate  pressure  a  column  of  mercury  about  23  metres, 
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or  75  feet,  in  length  had  to  bo  employed.  For  pressures  cor- 
responding to  500  atmospheres,  at  n\  hich  1  have  no  dillieiilty  in 
working  with  my  apparatus,  a  jnercurial  colunni  of  the  enormous 
height  of  380  metres,  or  1250  feet,  would  be  reqiured.  Although 
the  juechauical  dilKcultios  in  the  construction  of  a  long  tube  for 
this  purpose  are  perhaps  not  insuperable,  jl  could  only  be  mounted 
in  front  of  some  rar*;  mountain  escarpment,  where  it  would  be 
practically  impossible  to  conduct  a  long  series  of  delicate  experi- 
ments. About  three  years  ago  1  had  Ihe  honour  of  submitting 
to  the  Council  of  the  Society  a  proposal  for  constructing  an  a|>- 
paratus  which  would  have  enabled  any  pressure  to  be  measured 
by  the  successive  additions  of  the  pressure  of  a  column  of  mer- 
cury of  a  fixed  length ;  and  worldug  drawings  of  the  apparatus 
were  pi'epared  by  Mr.  J.  Cumiue,  whose  ser^ices  I  am  glad  to 
have  again  tliis  opportunity  of  acknowledging.  An  unexpected 
ditheidty,  however,  arose  in  consequence  of  the  packing  of  the 
screws  (as  I  have  already  stated)  not  holding  when  the  leather 
was  in  contact  with  nxercury  instead  of  w  ater,  and  the  apparatus 
was  not  constructed.  For  two  years  the  problem  appeai*ed,  if 
not  theoretically,  to  be  practically  impossible  of  solution ;  but  I 
am  glad  now  to  be  able  to  announce  to  the  Society  that  another 
method,  simpler  in  principle  and  free  from  the  objections  to 
which  I  have  referi*ed,  has  lately  suggested  itself  to  me,  by 
means  of  which  it  will,  I  fully  expect,  be  possible  to  determine 
the  rate  of  compressibility  of  hydrogen  or  other  gas  by  direct 
reference  to  the  weight  of  a  liquid  column,  or  rather  of  a  number 
of  liquid  columns,  up  to  pressures  of  500  or  even  1000  atmo- 
spheres. For  the  present  it  must  be  understood  that,  in  stating 
the  following  results,  the  pressures  in  atmosphex*es  are  deduced 
from  the  apparent  compressibility,  in  some  cases  of  aii',  in  others 
of  hydrogen  gas,  contained  in  capdlaiy  glass  tubes. 

In  this  notice  I  will  only  refer  to  the  results  of  experiments 
upon  carbonic  acid  gas  when  alone  or  when  mixed  Avith  nitrogen. 
It  is  \^ith  carbonic  acid,  indeed,  that  I  have  hitherto  chiefly 
worked,  as  it  is  singularly  well  adapted  for  experiment ;  and  the 
properties  it  exhibits  will  doubtless,  in  their  maia  features,  be 
found  to  represent  those  of  other  gaseous  bodies  at  corresponding 
temperatures  below  and  above  their  ci'itical  points. 

Liquefaction  of  Carbonic  Acid  Gas. — The  following  results  have 
been  obtained  from  a  number  of  very  careful  experiments,  and 
give,  it  is  believed,  the  pressures,  as  measured  by  an  air-manometer, 
at  which  carbonic  acid  liquefies  for  the  temperatures  stated  : — 

Temperatures  in  Pressure  in 

Centigrade  degrees.  atmospheres. 

0  35-04 

5-45  40-44 

11-45  47-04 

16-92  53-77 

22-22  Gl-13 

25-39  G5-78 

28-30  70-39 
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I  have  been  gratified  to  find  that  the  two  results  (for  13°'09 
and  21°-46)  recorded  in  my  former  paper  are  in  close  agreement 
with  these  later  experiments.  On  the  other  hand,  the  pressures 
I  have  found  are  lower  than  those  given  by  Regnault  as  the  result 
of  his  elaborate  investigation  (Mc'moires  de  I'Academie  des  Sci- 
ences, vol.  xxvi.  p.  618).  The  method  employed  by  that  distm- 
guished  physicist  was  not,  however,  fitted  to  give  accurately  the 
pressures  at  which  carbonic  acid  gas  liquefies.  It  gave,  indeed,  the 
pressures  exercised  by  the  liquid  when  contained  in  large  quantity 
in  a  Thilorier's  reservoir ;  but  these  pressures  are  always  con- 
siderably in  excess  of  the  true  pressures  in  consequence  of  the 
unavoidable  presence  of  a  small  quantity  of  compressed  air,  although 
the  greatest  precautions  may  have  been  taken  in  filling  the  appa- 
ratus. Even  -jJpjj  part  of  air  will  exercise  a  serious  disturbing 
influence  when  the  reservoir  contains  a  notable  quantity  of  liquid. 

Law  of  Boyle. — The  large  deviations  in  the  case  of  carbonic 
acid  at  high  pressures  from  this  law  appeared  distinctly  from 
several  of  the  results  given  in  my  former  paper.  I  have  now 
finished  a  long  series  of  experiments  on  its  compressibility  at  the 
respective  temperatures  of  6°-7,  63°-7,  and  100°  Centigrade.  The 
two  latter  temperatures  were  obtained  by  passing  the  vapours 
of  pyroxylic  spirit  (methyl  alcohol)  and  of  ^^■ater  into  the  rect- 
angular case  with  plate-glass  sides  in  which  the  tube  containing 
the  carbonic  acid  is  placed.  The  temperature  of  the  vapour  of 
the  pyroxylic  spirit  was  observed  by  an  accurate  thermometer, 
whose  indications  were  corrected  for  the  unequal  expansion  of  the 
mercury ;  while  that  of  the  vapour  of  water  was  deduced  from 
the  pressure  as  given  by  the  height  of  the  barometer  and  a 
water-gauge  attached  to  the  apparatus.  At  the  lower  tempera- 
tui'e  (6°-7)  the  range  of  pressure  which  could  be  applied  was 
limited  by  the  occurrence  of  liquefaction ;  but  at  the  higher  tem- 
peratures, which  were  considerably  above  the  critical  point  of 
carbonic  acid,  there  was  no  limit  of  this  kind,  and  the  pressures 
were  carried  as  far  as  223  atmospheres,  I  have  only  given  a  few 
of  the  results ;  but  they  will  be  sufficient  to  show  the  general 
effects  of  the  pressure.  In  the  following  Tables  p  designates  the 
pressure  in  atmospheres  as  given  by  the  air-manometer,  t'  the 
temperature  of  the  carbonic  acid,  e  the  ratio  of  the  volume  of  the 
carbonic  acid  under  one  atmosphere  and  at  the  temperature  t'  to 
its  volume  under  the  pressure  p'  and  at  the  same  temperature,  and 
a  the  volume  to  which  one  volume  of  carbonic  acid  gas  measured  at 
0°  and  760  millimetres  is  reduced  at  the  pressure  p  and  tempera- 
ture t'. 
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Carbonic  Acid  at  G°-7. 


p- 

at. 
13-22 

t'. 
6-90 

6. 
1 

14-3G 

e. 

0-07143 

20-10 

6-70 

1 
2301 

0-04456 

24-81 

6-73 

1 

29-60 

0-03462 

31-06 

6-62 

1 
39-57 

0-02589 

40-11 

6-59 

1 
58-40 

0-01754 

Carbouie  Acid  at  63°- 7. 

at. 
16-96 

63-97 

1 
17-85 

0-06931 

54-33 

63-57 

1 

66-06 

0-01871 

106-88 

63-75 

1 

185-9 

0-00665 

145-54 

63-70 

1 
327-3 

0-00378 

222-92 

63-82 

1 
446-9 

0-00277 

Carbonic  Acid  at  100°. 

at. 
16-80 

100-38 

1 
17-33 

0-07914 

53-81 

100-33 

1 
60-22 

0-02278 

105-69 

100-37 

1 
137-1 

0-01001 

145-44 

99-46 

1 

218-9 

0-00625 

223-57 

99-44 

1 
380-9 

0-00359 

These  results  fully  confirm  the  conclusions  which  I  formerly 
deduced  from  the  behaviour  of  carbonic  acid  at  48°,  viz.  that  while 
the  curve  representing  its  volume  imder  different  pressiu-es  ap- 
proximates more  nearly  to  that  of  a  perfect  gas  as  the  temperature 
is  higher,  the  contraction  is  nevertheless  gi-eater  than  it  would  be 
if  the  law  of  Boyle  held  good,  at  least  for  any  temperature  at 
which  experiments  have  yet  been  made.  From  the  foregoing 
experiments  it  appears  that  at  63°-7  carbonic  acid  gas,  under  a 
pressure  of  223  atmospheres,  is  reduced  to  j^  of  its  volume  under 
one  atmosphere,  or  to  less  than  one  half  the  volume  it  ought  to 
occupy  if  it  were  a  perfect  gas  and  contracted  in  conformity  with 
Boyle's  law.  Even  at  100'^  the  contraction  under  the  same  press  are 
amounts  to  ^j  part  of  the  whole.  From  these  observations  we 
may  infer  by  analogy  that  the  critical  points  of  the  greater  number 
of  the  gases  not  hitherto  liquefied  are  probably  far  below  the  lowest 
temperatures  hitherto  attained,  and  tliat  they  are  not  likely  to  be 
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eeeu,  either  as  liquids  or  solids,  till  mucli  lower  tempei'.iturcs  even 
than  those  produced  by  liquid  nitrous  oxide  are  reached. 

Law  of  Gc(i/-Lussac. — That  the  law  of  Gay-Lussac  in  the  case 
of  the  so-callod  permanent  gases,  or  in  general  terms  of  gases 
greatly  above  their  critical  points,  holds  good  at  least  at  ordinary 
pressures,  within  the  limits  of  experimental  error,  is  highly  probable 
from  the  experiments  of  Eegnault;  but  the  results  I  have  obtained 
with  carbonic  acid  will  show  that  this  law,  like  that  of  Boyle,  is 
true  only  in  certain  limiting  conditions  of  gaseous  matter,  and 
that  it  wholly  fails  in  others.  It  will  be  shown  that  not  only  does 
the  coefficient  of  expansion  change  rapidly  with  the  pressure,  but 
that,  the  pressure  or  volume  remaining  constant,  the  coefficient  changes 
with  the  temjyerature.  The  latter  result  was  first  obtained  from 
a  set  of  prehniinary  experiments,  in  which  the  expansion  of  carbonic 
acid  under  a  pressure  of  17  atmospheres  was  observed  at  4°,  20°, 
and  54°;  and  it  has  since  been  fully  confirmed  by  a  large  number 
of  experiments  made  at  different  pressures  and  well-detined  tem- 
peratures. These  experiments  were  conducted  by  the  two  methods 
commonly  known  as  the  method  of  constant  pressure  and  the 
method  of  constant  volume.  The  two  methods,  except  in  the 
limiting  conditions,  do  not  give  the  same  values  for  the  coefficient 
of  expansion ;  but  they  agree  in  this  i-espect,  that  at  high  pressures 
the  value  of  that  coefficient  changes  ^^'ith  the  temperature.  While 
I  have  confined  this  statement  to  the  actual  results  of  experiment, 
I  have  no  doubt  that  future  observations  will  discover,  in  the  case, 
at  least,  of  such  gases  as  carbonic  acid,  a  similar  but  smaller  change 
in  the  value  of  the  coefficient  for  heat  at  low  pressures.  The 
numerous  experiments  I  have  made  on  this  subject  ^dll  shortly  be 
communicated  in  detail  to  the  Society ;  and  for  the  present  I  will 
only  give  the  following  results  : — 

Expansion  of  Heat  of  Carbonic  Acid  Gras  under  high  pressures. 

„  Vol.  CO,  at  0°  &       Vol.  CO.,  at  6°-05  rr^w,'  „    , 

Pressure.  76O  inimms.=l.         &  22-26  at.  =  l.  Temperature. 

at. 

22-26  0-03934  1-0000  G'OS  ] 

22-26  ....  0-05183  ....  1-3175  ....  63-79  I  .  (A) 

22-26  ....  0-05909  ....  1-5020  ....  100-10  J 

Vol.  CO.,  at  0°  &      Vol.  CO.,^at  6°-G2  ^r  , 

Pressure.  ^g^  miinms.  =  l.        &  31-06  at.  =  1.  Temperature. 

at.  o 

31-06  0-02589  ....  1-0000  ....  6-62  ] 

31-06  ....  0-03600  ....  1-3905  ....  63-83  I  .  (B) 

31-06  ....  0-04160  ....  1-6068  ....  100-64  J 

B  Vol.  CO.,  at  0°  &      Vol.  CO,  at  6°-01  m. .,..f„„. 

Pressure.  760millims.  =  l.         &  40-06  at.  =  l.  Temperature. 

at.  o 

40-06     ....     0-01744     ....     1-0000     ....         6-01  ] 
40-06      ....     0-02697     ....      1-5464     ....        63-64  I   .     (C) 

40-06     ....     0-03101     ....      1-8123     100-60  J 

Taking  as  unit  1  vol.  of  carbonic  acid  at  6°-05  and  22-26  atmo- 
spheres, we  obtain  from  series  A  the  following  values  for  the 
coefficient  of  heat  for  different  ranges  of  temperature  : — 
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a  =  0-005499  from    6°-05  to    G3°-79. 
a  =  U-00")08l  from  ()3°-79  to  10U°-1. 
From  series  B,  w ith  tlie  correspoudiug  unit  volume  at  (i°-(j2  and 
31"06  atmospheres,  we  find  : — 

a=0-00G8l>(!  from    f)°-62  to    6:3°-83. 
a=0-005876  from  G3°-83  to  100°-G4. 
And  in  like  manner  from  series  C  M'ith  the  unit  vohmie  at 
G°'01  and  40*0G  atmospheres  : — 

a=0-009481  from    G°-01  to    G3°-G4. 
a=0-007194  fi-om  G3°-G4  to  100°-60. 
The  coefhoient  of  carbonic  acid  under  one  atmosphere  referred 
to  a  unit  vohuue  at  G°  is   a=0'003629. 

From  these  experiments  it  appears  that  tlie  coefficient  of  ex- 
pansion increases  rapidly  with  the  pressure.  Between  the  tem- 
peratures of  6°  and  G4°  it  is  once  and  a  half  as  great  under  22 
atmospheres,  and  more  than  two  and  a  half  times  as  great  under 
40  atmospheres,  as  at  the  pressure  of  1  atmosphere.  Still  more 
important  is  the  change  in  the  value  of  the  coefficient  at  different 
parts  of  the  thermometric  scale,  the  pressure  remaining  the  same. 
An  inspection  of  the  figiu'es  will  also  show  that  this  change  of  value 
at  different  temperatures  increases  with  the  pressure. 

Another  interesting  question,  and  one  of  great  importance  in 
I'efereuce  to  the  laws  of  molecular  action,  is  the  relation  between 
the  elastic  forces  of  a  gas  at  different  temperatures  while  the  volume 
remains  constant.  The  experiments  which  I  have  made  in  this  part 
of  the  inquiry  are  only  preliminary,  and  were  performed  not  with 
pure  carbonic  acid,  but  \A'ith  a  mixture  of  about  11  volumes  of  car- 
bonic acid  and  1  volume  of  air.  It  will  be  convenient,  for  the  sake  of 
comparison,  to  calculate,  as  is  usually  done,  the  values  of  a  from  these 
experiments ;  but  it  must  be  remembered  that  a  here  represents  no 
longer  a  coefficient  of  volume,  but  a  coefficient  of  elastic  force. 
Elastic  force  of  a  mixture  of  11  vol.  CO^  and  1  vol.  air  heated 
under  a  constant  volume  to  different  temperatures. 


(A) 


(B) 

From  series  A  we  deduce  for  a  unit  at  13°-70  and  22-90  atmo- 
spheres :—        a =0-004604  from  13°- 70  to  40°-63. 
a=0-0043G7  from  40°-G3  to  99°- 73. 
And  from  series  B : — 

a= 0-00.5067  from  13°-70  to  40°-G6. 

a= 0-004804  from  40°-GG  to  99°-75. 

The  coefficient  at  13''-70  and  1  atmosphere  is      a  =  0-003.513. 

It  is  clear  that  the  changes  in  the  -Nalues  of  a,  calculated  from 

the  elastic  forces  under  a  constant  volunie,  are  in  the  same  direction 

as  those  already  deduced  from  the  expansion  of  the  gas  under  a 


ol.  CO,. 

Temperature. 

Elastic  Force, 
at. 

366-1 
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22-90  ] 
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99-73 
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35-44  I  . 
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99-75 
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constant  pressure.  The  value  oE  a  increases  with  tlie  pressm'c 
and  it  is  greater  at  lower  than  at  higher  temperatures.  But  a 
remarkable  relation  exists  between  the  coefficients  in  the  present 
case  which  does  not  exist  between  the  coefficients  obtained  from 
the  expansion  of  the  gas.  The  values  of  a,  deduced  for  the  same 
range  of  temperature  from  the  elastic  forces  at  different  pressures, 
are  directly  proportional  to  one  auother.     \Ve  have,  in  short, 

U-OU4G04  '  0-05067 

How  far  this  relation  will  be  found  to  exist  under  other  condi- 
tions of  temperature  and  pressiu-e  \\'A\  appear  Avhen  experiments 
now  in  progress  are  brought  to  a  conclusion. 

Law  of  Dalton. — Tliis  law,  as  originally  enunciated  by  its  author, 
is,  that  the  particles  of  one  gas  possess  no  repulsiA'e  or  attractive 
power  with  regard  to  the  particles  of  another.  "  Oxygen  gas," 
he  states,  "  azotic  gas,  hydrogenous  gas,  carbonic  acid  gas,  aqueous 
vapour,  and  probably  several  other  elastic  iiuids  may  exist  in  com- 
pany under  any  pressure  and  at  any  temperature  without  any  regard 
to  their  specific  gravities,  and  without  any  pressure  upon  one 
another."  The  experiments  which  I  have  made  on  mixtui'es  of 
carbonic  acid  and  nitrogen  have  occupied  a  larger  portion  of  time 
than  all  I  have  yet  referred  to.  They  have  been  carried  to  the 
great  pi'essure  of  283'9  atmospheres,  as  measured  in  glass  tubes 
by  a  hydrogen  manometer,  at  which  pressure  a  mixture  of  3  volumes 
carbonic  acid  and  4  volumes  nitrogen  was  reduced  at  7°"6  to  -gJ-g- 
of  its  volume  without  liquefaction  of  the  cax'bouie  acid.  As  this 
note  has  already  extended  to  an  unusual  length,  I  will  not  now 
attempt  to  give  an  analysis  of  these  experiments,  but  shall  briefly 
state  their  general  results.  The  most  important  of  these  results 
is  tJie  lowering  of  tlie  critical  point  hi/  admixture  ivitli  a  non- 
comlensable  gas.  Thus  in  the  mixture  mentioned  above  of  carbonic 
acid  and  iiitrogen,  no  liquid  was  formed  at  any  pressure  till  the 
temperature  was  reduced  below  —  20°  C.  Even  the  addition  of 
only  j\|-  of  its  volume  of  air  or  nitrogen  to  carbonic  acid  gas  w^ill 
lower  the  critical  point  several  degi*ees.  Finally,  these  experi- 
ments leave  no  doubt  that  the  law  of  Dalton  entirely  fails  under 
high,  pressures,  where  one  of  the  gases  is  at  a  temperature  not 
greatly  above  its  critical  point.  The  anomalies  observed  in  the 
tension  of  the  vapour  of  water  when  alone  and  when  mLxed  with 
air  find  their  real  explanation  in  the  fact  that  the  law  of  Dalton  is 
only  approximately  true  in  the  case  of  mixtures  of  air  and  aqueous 
vapour  at  the  ordinary  pressure  and  temperature  of  the  atmo- 
sphere, and  do  not  depend,  as  has  been  alleged,  on  any  disturbing 
influence  produced  by  a  hj^groscopic  action  of  the  sides  of  the 
containing  vessel.  The  law  of  Dalton,  in  short,  like  the  laws  of 
Boyle  and  Gay-Lussac,  only  holds  good  in  the  case  of  gaseous 
bodies  which  are  at  feeble  pressures  and  at  temperatures  greatly 
above  their  critical  points.  Under  other  conditions  these  laws 
are  interfered  with ;  and  in  certain  conditions  (such  as  some  of 
those  described  in  this  note)  the  interfering  causes  become  so 
powerful  as  practically  to  efface  them. 


L    ^'^    ] 

XII.  InteUiijencc  and  Miscellaneous  Articles. 

ON  THE  DISTRIBUTION  OF  MAGNETISM  IN  CIRCULAR  OR  ELLIPTIC 
PLATES  OF  STEEL.       BY  E.  DUTER. 

nPHE  object  of  the  followmg  experiments  was  to  ascertain  the  in- 
^  Ihience  of  tlie  shape  on  the  distribution  of  free  magnetism  in  steel 
magnets.  My  examiiiations  were  effected  upon  plates  of  a  circular 
or  elliptic  form,  all  cut  out  of  the  same  steel  and  possessing  the 
same  temper,  their  thickness  being  one  milUmetre.  The  longest 
radii  of  the  circles  and  longest  axes  of  llie  ellipses  are  15  centims. 
Magnetization  was  obtained  by  means  of  a  very  flat  induction-coil 
formed  by  400  metres  of  copper  wire  of  2  millims.  diameter, 
through  wliich  passes  the  current  of  ten  good  Bu  isen  elemeiits. 

The  niethod  which  I  employed  was  that  of  M.  Jamin ;  it  is  the  only 
one  which  permits  one  to  study  any  point  one  wishes  of  a  magnet,  b}'' 
measuring  in  each  point  the  separating-force  of  a  very  small  contact 
of  soft  iron.  To  assure  the  complete  success  of  the  method  in  the 
case  vmder  consideration,  two  precautions  are  indispensable : — 

In  the  first  place,  the  magnet  must  have  a  perfectly  polished 
and  clean  sui'face  ;  the  slightest  trace  of  contamination  tarnishing 
the  magnet  aifects  in  a  most  irregular  fashion  the  force  which 
determines  the  separation.  Further,  every  shock  of  the  magnet 
must  be  avoided,  even  that  of  the  little  pulling-stud,  which,  if  it 
falls  suddenly  on  a  point  in  the  magnet,  permanently  alters  the 
tension  existing  in  that  point. 

The  results  I  have  obtained  may  be  briefly  stated  thus  : — 

1.  The  total  quantities  of  free  magnetism  spread  over  circles  or 
ellipses  are  proportional  to  the  surfaces. 

2.  This  magnetism  may  be  regarded  as  distributed  over  threads 
which  affect  the  form  of  hyperbolas  ;  the  non-transverse  axes  of 
the  hyperbolas  are  the  axes  of  symmetry  of  the  magnets,  perpen- 
dicular to  the  ueittral  line.  The  transverse  axes  are  directed  along 
the  neutral  line  ;  but  their  lengths  vary  from  one  thread  to  another. 

On  each  of  these  threads,  the  law  of  distribution  of  the  free 
magnetism  is  given  by  the  formula 

I=A(rt*-rt-*): 
I  is  the  magnetic  tension  at  the  points  under  consideration ;  7i  is  the 
rectified  length  of  the  arc  of  an  hyperbola  defined  as  I  have  said 
above,  in  which  the  point  in  question  is  situated  ;  this  length  is 
reckoned  from  the  middle  zone.  A  and  a  vary  from  one  thread 
to  another,  according  to  the  two  following  laws  : — 

3.  The  tensions  Ij  at  the  extremity  of  each  hyperbolic  thread  are 
given  by  the  formula 

7i,  is  the  length  of  the  hvperbola,  reckoned  from  the  middle  zone 
to  its  extremity  ;  L  is  the  tension  at  the  extremity  of  a  thread  of 
infinite  length  ;  I-  is  another  coeflicient,  which  in  ihe  circles  abso- 
lutely depends  only  on  the  naturt;  of  the  temper  of  the  steel ;  in  the 
ellipses  also  it  remains  a  constant  number,  provided  the  transverse 
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dimensions  are  not  too  small  when  compared  with  the  axial  dimen- 
sions. 

4.  The  total  quantities  of  magnetism  spi'cad  over  each  hyi:)erbolic 
thread  are  proportional  to  the  squares  of  the  tensions  I^  existing  at 
the  extremity  of  each  of  these  threads — which  leads  to  the  formula 

A(rtfti  +  a-»i)-2=A=  {ah-a-h)\ 

\j(X 

Since  finishing  the  investigation  of  wliich  the  above  is  a  sum- 
mary, I  have  undertaken  some  researches  on  magnets  of  very 
diverse  forms ;  and  I  have  found  that  the  form  of  the  threads  in 
which  the  law  I=A  {a^—a-^)  is  maintained  changes  with  the 
bounding  curve  of  the  magnets. 

It  is  precisely  in  the  investigation  of  these  lines  (which  I  call 
Tiomomaf/netic  lines,  and  which,  in  the  case  of  circles  and  ellipses, 
are  hyperbolas)  that  the  explanation  is  to  be  found  of  those  still 
little- studied  phenomena  of  distribution  named  influence  of  tlie 
margins  or  the  anr/les. —  Comj)tes  Beadus  de  TAcademie  des  Sciences, 
Tol.  Ixxxi.  pp.  1099,  1100.    

NOTE  ON  THE  TEMPERATURE  OF  THE  UPPER  STRATA  OF  THE 
ATMOSPHERE.   BY  D.  MENDELEEF. 

A  great'  number  of  atmospheric  phenomena  depend  chiefly  on 
the  diiference  of  temperature  of  the  strata  of  the  air ;  and  so  the 
quest  of  the  theoretic  aud  empirical  laws  of  the  variations  of  tem- 
perature with  altitude  has  for  a  long  time  attracted  the  attention  of 
several  savants.  Nevertheless  even  the  theory  of  this  question  is 
still  very  imperfect. 

The  theory  of  the  variation  of  temperature  in  the  atmospheric 
strata  rests  on  the  supposition  that  the  upper  strata  receive  heat 
only  from  the  lowest  stratum,  which  is  heated  by  the  earth ;  the 
upper  oues,  therefore,  would  be  cooled  in  dilating  in  consequence  of 
diminution  of  pressure.  Such  a  supposition  contains  implicitly 
this  other,  that  air  is  diathermanous.  For  this  case  Poisson  has 
demonstrated,  between  the  final  temperatures  t^  and  ^^  when  the 
pressure  varies  from  H,,  to  H^*,  the  relation 

m-i^)"^ --''^ 

in  which  /c  is  the  ratio  of  two  specific  heats,  1-41.  This  formula, 
resting  on  the  mechanical  theory  of  heat,  and  agreeing  wdth  expe- 
riment, should,  if  the  preceding  h}i3othesis  were  accurate,  be  appli- 
cable to  the  determination  of  the  temperatures  t^  of  the  strata  of 

*  At  first  sight  one  might  thiuk  that,  iu  calculating  the  temperatm-e  of 
the  upper  strata,  we  ought  to  take  iuto  account  not  merely  the  heat  ex- 
pended for  the  dilatation  due  to  the  diminution  of  the  pressure,  but  also 
that  wliich  is  equivalent  to  the  work  of  raising :  the  lowering  of  tempe- 
rature would  thus  he  doubled.  This  would  be  an  error  ;  for  at  the  same 
time  that  a  certain  mass  of  air  rises,  another  mass,  equal  to  it,  descends ; 
otherwise  equilibrium  of  the  air  would  not  take  place  :  this  is  especially 
apparent  wlien  we  consider,  as  we  do  now-a-days,  the  molecules  of  gases 
to  possess  a  proper  motion,  the  cause  of  ditfusiou  &c. 
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the  atmosphere  Avhen  t^,  II^,  and  H,  are  given.  Now  it  conducts 
to  temperatures  too  low.  Thus,  taking  Ho  =  750  millims.  and 
<o=  +  l^^      Forir,=     050         550         450  millims. 

We  find  t,=  +  3°-3      -  9°-8    -  2-i°-8, 
while  Mr.  Glaisher's  observations  (Eeports  of  the  British  Associa- 
tion, 18G2-18G4)  have  given,  for  the  same  initial  temperature  and 
the  same  pressures  : — 

'-  O  o  o 

During  the  ascent  of  September  5,  18G2 +8-2  +1-4  — 5'4 

Means  of  several  balloon  J  with  a  clear  sky  ....  +5*0  — 1*3  —7*0 

observations \       „      cloudy  sky  . .  +7"0   4- 0*2   —6-2 

Observations  on  mountains  Im^e  led  to  similar  results.  M. 
Plantamour  gives  for  Geneva  the  annual  means  /^=9''-21,  lIo=72G-6 
niilUms.;  for  St.  Bernard,  where  H, =503-9,  the  annual  tempei'a- 
ture  ^j,  calculated  by  aid  of  the  relation  (1),  would  be  — 10'^-8,  while 
the  observed  temperature  is  — 1°*7G.  Formula  (1),  combined  with 
the  hypsometric  formula,  leads  to  the  conclusion  that,  Avhatever  !!„ 
and  t,^  may  be,  a  fall  of  1  degree  in  the  temperature  will  correspond 

to  an  elevation  z  of  101'2  metres*;  that  is  to  say,  ^  =  — 101'2 

metres  ;  and  yet,  in  the  xilps,  the  temperature  only  falls  1  degree 
for  an  elevation  of  150  metres  in  summer,  and  of  300  metres  in 
winter.  Humboldt,  Boussingault,  and  others  have  found  that,  in 
the  tropics,  an  elevation  of  180-250  metres  corresponds  to  a  fall  of 
1°  temperature. 

jS'evertheless  it  is  beyond  question  that  ^  is  a  function  of  the 

initial  temperature  and  pressure,  but  not  a  constant  as  indicated  by 
formula  (1). 

The  results  to  which  this  formula  leads  being  very  different 
from  those  given  by  observation,  recourse  is  had  in  practice,  and 
especially  for  the  calculation  of  atmospheric  refractions,  to  various 
interpolation  formula)  with  one  or  more  constants,  calculated  from 
observations  made  in  the  h'gher  strata  (Laplace,  Ivory,  Iviimtz, 
Bauerfeind,  Kowalsky,  &c.).  On  the  other  hand,  the  cause  of  the 
difference  between  the  temperatures  calculated  by  the  relation  (1) 
and  the  observed  temperatures  has  been  supposed  to  be  found  in 
the  more  perfect  transparency  of  the  upper  strata,  in  the  absorp- 
tion of  a  portion  of  the  heat  of  the  sun  by  the  atmosphere,  &c.  These 
hypotheses  are  gi-atuitous  ;  their  results  cannot  be  submitted  to  cal- 
culation ;  and,  besides,  they  are  not  required. 

On  comparing  the  data  of  the  observations  \^•ith  those  of  formula 
(1),  it  is  seen  that  there  exists  a  source  of  heat  in  the  upper  strata  of 
the  atmosphere ;  for  the  observed  are  constantly  higher  than  the 
calculated  temperatures.  This  source  is  doubtless  to  be  found  in 
the  aqueous  vapour  of  the  atmosphere.     Two  arguments  in  favour 

2         IT 

*  Formula  (1)  gives  ^H=  .j -Qt;   the    differential   equation 

i  +  ett  0-2dl  TT       f,^ 

which  conducts  to  the  hypsometric  formula  is  sH  =  —  -^i fur 

^z  70bL  7993  1  +  cct 

lat.  4o°,  whence  °f-=-  '^^  =  -101-2,  the  quantity  =  bein-  the  height 
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of  this  assertion  will  be  developed  in  a  second  Note. — ComptesBendus 
de  VAaidemie  des  Sciences,  vol.  Ixxxi.  pp.  109-1-1096. 


ON  THE  ACTION  OF  FLAMES  IN  PRE8ENCE  OF  ELECTRIFIED 
BODIES.      BY  M.  DOULIOT. 

A  flame  in  communication  with  the  earth  discharges  an  electrified 
conduc-lor  placed  near  it ;  and  if  the  flame  is  insulated,  the  dis- 
charge still  takes]  place.  In  the  first  case  the  electricity  of  the 
conductor  flows  into  the  earth ;  but  there  is  occasion  for  iuvesti- 
gatiug  what  becomes  of  it  in  the  second.  It  is  -nith  this  view  that 
the  following  experiments  uere  luidertaken. 

1.  Alighted  taper,  insulated,  is  placed  at  an  equal  distance  from 
two  electroscopes  with  gold  leaves  of  equal  dimensions,  the  knobs 
of  the  electroscopes  and  the  flame  forming  a  triangle  of  about 
20  centims.  length  of  side.  If  we  bring  an  electrified  body  between 
the  flame  and  one  of  the  electroscopes,  or  into  the  interior  of  the 
triangle  formed  by  these  three  bodies,  the  electroscopes  are  affected 
in  the  usual  manner,  and  the  gold  leaves  fall  again  as  the  body 
brought  near  loses  its  electricity.  But  if  we  place  the  electrified 
body  in  the  prolongation  of  the  line  from  one  of  the  electroscopes 
to  the  flame,  v.e  see  this  electroscope  become  charged  ^\■ith  elec- 
tricity of  the  same  kind  as  that  lost  by  the  electrified  body ;  the 
other  electroscope,  although  nearer  to  it,  is  merely  influenced.  The 
former  retains  its  charge ;  the  latter  reverts  to  the  natural  state 
Avhen  the  electrified  body  has  discharged  itself  or  is  taken  away. 

2.  The  insulated  flame  is  placed  between  a  badly  conducting 
screen  and  the  knob  of  an  electroscope,  at  about  15  centims.  dis- 
tance from  each.  Let  us  bring  behind  the  screen  a  body  charged 
wdth  positive  electricity  ;  the  gold  leaves  of  the  electroscope  diverge 
instantly.  AYe  remove  together  both  the  screen  and  the  electrified 
body ;  the  electroscope  remains  electrified,  and  its  electricity  is 
positive.  ISTevertheless  the  electrified  body  has  not  been  discharged ; 
we  can  assure  oursehes  that  it  is  still  electrified  positively ;  but 
we  find  also  that  the  screen  is  charged  with  negative  electricity  on 
the  face  which  was  towards  the  flame  and  the  electroscope. 

If,  instead  of  removing  together  the  electrified  body  and  the 
screen,  we  slowly  take  away  the  electrified  body  alone,  we  see  the 
gold  leaves,  which  received  a  charge  of  positive  electricity  at  the 
instant  when  this  body  was  brought  near  them,  fall  again,  come 
into  contact,  then  separate  afresh  ;  if  we  then  ^\ithdraw  the  screen, 
we  find  that  the  electroscope  remains  electrified,  that  it  contains 
negative  electricity,  and  that  the  screen  has  reverted  to  its  primitive 
state. 

It  would  be  difficult  to  explain  all  these  facts  by  admitting  that 
the  flame  and  the  bodies  produced  by  it  establish  more  or  less 
perfect  communication  between  the  bodies  ^^Olich  surround  it. 
But  it  is  to  be  remarked  that  these  phenomena  are,  in  all  points, 
those  which  might  be  foreseen  if  for  the  flame  we  substituted  an 
insulated  conductor  armed  with  points  in  all  directions. — Comjites 
liendus  de  Academic  dcs  Sciences,  \ol.  Ixxxi.  p.  1208. 
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XIII.  Kxperimental  Proof  that  the  Resistance  to  Galvanic 
Conduction  is  dependent  on  the  Motion  of  the  Conductor.  By 
E.  Edlund*. 

I. 

IN  my  memoir  entitled  "  Thdorie  des  Phenom6nes  Elec- 
triques  "  t  I  liuve  endeavoured  to  prove,  in  the  theoretical 
way,  that  the  resistance  to  galvanic  conduction  must  be  pro- 
portional to  the  intensity  of  the  current.  This  conclusion  from 
theory  contradicts  the  view,  hitherto  generally  received,  that 
the  resistance  to  conduction  is  independent  of  the  current- 
intensity.  Nevertheless,  on  a  closer  investigation  of  the  rela- 
tions, we  discover  that  the  experiments  which  have  been  insti- 
tuted do  not  by  any  means  justify  such  an  assumption  ;  for  I 
have  shown,  in  the  memoir  just  mentioned,  that  the  various 
methods  hitherto  employed  for  measuring  the  resistance  leave 
it  in  reality  quite  undecided  whether  the  resistance  is  or  is  not 
dependent  on  the  intensity  of  the  current  f.  I  have  therefore 
instituted  the  following  experiments  for  the  purpose  of  solving 
the  question  experimentally. 

If  i  signifies  the  current-intensity,  a  the  cross  section  of  the 
conductor,  S  the  mass  of  free  oether  in  the  unit  of  volume  of 
the  conductor  (which  mass,  when  a  galvanic  current  is  in  ques- 
tion, may  be  regarded  as  invariable),  and  h  the  velocity  of  the 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  Poggendorff's  Annakn,  vol.  clvi.  pp.  2ol-278. 

t  K.  Svenska  Vetenskaps  Akademiens  Ilandlingar,  Stockholm :  Nor- 
stedt  et  Soner.     Leipzig :  F.  A.  Brockhaus. 

\  Op.  cit.  p.  25. 

"^^•/   Mnn,  S.  5.  Vol.  L  No.  2.  Feb.  1876.  H 
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aether,  we  have  by  the  theory  i=Sah.  Tlius  the  current- 
intensity  is  measured  by  the  mass  of  fethor  which  flows  through 
the  cross  section  of  tlie  conductor  in  the  unit  of  time  :  this  I 
have  called  the  mechanical  measure  of  the  intensity  *.  If  r^ 
denotes  the  resistance  of  the  unit  of  length  of  the  conductor 
when  a  current  of  unit  intensity  flows  through  it,  then  is  Vf, 
the  resistance  in  the  usual  signification  of  the  term  ;  and  this 
resistance,  in  order  to  distinguish  it  from  those  which  take 
place  with  other  current-intensities,  I  have  named  the  principal 
resistance  to  conduction  f.  Consequently,  if  r  denotes  the  re- 
sistance with  the  current-intensity  ?',  we  have,  according  to  the 
theory,  r=7'o/,  or,  eliminating  i,  r=-rQhah. 

Theoretically,  therefore,  the  resistance  r  is  proportional  to 
the  relative  velocity  between  the  sether  molecules  and  the  mo- 
lecules of  the  conductor.  If,  then,  the  conductor  receive  a 
velocity  hi  in  the  same  direction  in  which  the  sether  flows,  the 
resistance  r  will  be  diminished  ;  for  it  will  become 

r-=rQha(Ji — h-\). 

If,  on  the  contrary,  we  impart  to  the  conductor  the  same  velo- 
city hi,  but  in  the  opposite  direction,  the  resistance  is  aug- 
mented and  we  get 

After  the  current-intensity  has  become  constant,  the  electro- 
motive force  of  the  series  must,  according  to  the  theory,  be 
equal  to  the  sum  of  all  the  resistances.  If,  then,  the  electro- 
motive force  and  the  principal  resistance  of  the  battery  be  de- 
noted respectively  by  E  and  Rq,  and  if  Vq  signifies  the  principal 
resistance  in  the  conductor  which  connects  the  poles  of  the 
battery,  and  i  the  intensity  of  the  current,  then  is  E  =  RqI  +  roi, 
whence 

E 

*=   tS • 

rto  +  »'o 
If  now  to  the  conductor  whose  principal  resistance  is  Vq  a 
velocity    ±A  is  imparted,   then,    in    accordance    with  what 
was  said  above,  if  I'l  signifies  the  current-intensity,  it  makes 

E  =  Ro^'l  +  ro(«'i  +  ^cih), 
whence 

. Edb^'o^f*^*! 

Eo  +  ro 

Consequently  the  difference  of  the  two  currents  becomes 

i-,>:^!:oMl. (1) 

*  Theorie  des  Phenonihtes  Eledriques,  p.  10.  t  I^id.  p.  24. 
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Therefore  the  change  produced  in  the  current-intensity  by 
putting  the  conductor  in  nu)tion  is  proportional  to  the  velocity 
hi  and  the  cross  section  a  of  the  conductor,  ^\'hen  the  resist- 
ance Ro  is  so  inconsiderable  that  it  may  be  neglected  in 
comparison  ^\^th  /'o,  the  alteration  of  the  currcMit-intensity  is 
independent  of  the  resistance. 

At  the  first  glance  it  might  be  supposed  that  the  velocity  hi 
which  with  accessible  means  can  be  imparted  to  the  conductor 
would  bo  so  slight,  in  comparison  with  the  velocity  h  of  the 
icther,  that  the  alteration  in  ipiestion  (of  the  current-intensity) 
could  not  be  observed  even  with  the  most  delicate  galvano- 
meter. The  explanation,  however,  given  in  the  above-men- 
tioned memoir  (p.  56),  of  Quincke's  diaphragm-currents,  inti- 
mates that  the  observations  must  be  practicable  ;  and  on  this 
account  I  resolved  to  test  the  theoretical  result  by  experiment. 

II. 

Special  mechanical  arrangements  would  be  required  if  we 
would  give  to  solid  conductors  the  velocity  necessary  for  these 
experiments.  I  therefore  employed  liquids,  w4iich  can  wdth 
facility  be  set  in  motion  of  sufficiently  great  velocity.  But 
here  two  inconveniences  appear,  the  injurious  effects  of  w^hich 
must  be  carefully  avoided  :  one  of  them  is  the  polarization  of 
the  plates  by  which  the  current  is  conducted  into  and  out  of 
the  liquid  ;  the  other  consists  in  the  difficulty  of  making  the 
two  plates  galvanically  so  nearly  equal  to  each  other  that  a 
feeble  current  shall  not  be  produced  by  the  inequality  as  soon 
as  they  are  placed  in  the  liquid.  Yet  neither  the  polarization 
of  the  plates  nor  their  inequality  in  a  galvanic  point  of  view 
would  injuriously  affect  the  experiments,  if  these  two  conditions 
did  not  vary  as  soon  as  the  liquid  is  put  in  motion.  But  it 
appears  that  such  variation  really  takes  place  ;  and  therefore 
the  experiments  cannot  baniade  by  simply  sending  a  galvanic 
current  through  the  liquid  and  measuring  the  intensity",  first 
while  the  liquid  is  at  rest,  and  again  after  it  has  been  set  in 
motion  ;  for,  as  both  the  polarization  and  the  galvanic  quality 
of  the  plates  are  altered  by  the  motion  of  the  liquid,  the  ob- 
served difference  in  the  currentr-intensity  may  just  as  well  be 
attributed  to  this  alteration  as  to  a  change  in  the  resistance  of 
the  liquid. 

After  putting  to  the  test  of  practice  some  proposed  methods 
of  observation  which  need  not  be  here  discussed,  and  finding 
them  not  advantageous,  I  finally  adopted  the  following,  which 
gave  good  results.    (See  fig.  1.) 

a  6  is  a  cylindrical  glass  tube  of  uniform  diameter  and  fur- 
nished with  three  side-tubes  c,  d,  and  e  ;  the  distances  between 

H2 
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c  and  d  and  between  d  and  e  are  as  nearly  as  possible  equal. 
In  each  of  these  side-tubes  a  gold  wire  is  fixed  by  means  of  a 

Fig.  1. 


cork  and  sealing-wax,  terminated  by  a  gold  disk.  On  each 
end  of  the  glass  tube  a  metal  cap  with  a  screw-thread  is  fas- 
tened, by  which  the  glass  tube  can  be  screwed  on  to  the  copper 
tube  through  which  the  liquid  to  be  investigated  flows  into  the 
glass  tube.  G  represents  the  magnetometer  used  in  the  expe- 
riments, the  almost  perfectly  astatic  needle-system  of  which  is 
suspended  by  a  fine  silver  Avire.  The  position  of  equilibrium 
of  the  needle-system  is  almost  entirely  independent  of  the  va- 
riations of  the  earth's  magnetic  declination-plane,  because  it  is 
all  but  exclusively  determined  by  the  torsion  of  the  wire.  The 
oscillation-period  of  the  system  amounts  to  about  28  seconds. 
By  a  thick  copper  sheath,  which  envelops  one  of  the  needles, 
so  powerful  a  damping  is  produced  that  the  system  takes  its 
position  of  equilibrium  after  a  few  oscillations.  The  reading- 
oif  is  effected  in  the  usual  manner,  by  aid  of  telescope  and 
scale.  Although  the  magnetometer  might  possibly  have  been 
made  more  delicate  by  another  arrangement,  it  possesses  the 
great  advantage  of  an  almost  invariable  position  of  equilibrium 
— a  circumstance  of  great  value.     In  the  experiments  two  of 
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the  positions  of  the  wire  of  the  magnetometer  were  made  use 
of,  in  which  the  resistance  and  the  number  of  the  turns  were 
equal.  In  the  one  position  the  ends  of  the  wire  are  connected 
with  the  binding-screws /'and  g,  and  in  the  other  with  A  and  n. 
At  K  an  electromotor  is  inserted,  one  pole  of  which  is  connected 
with  (J  and  li,  and  the  other  with  the  gold  wire  in  the  middle 
side-tube  d.  The  gold  wires  of  the  outer  side-tubes  c  and  e 
are  united  by  means  of  a  conductiiig-wire  with /and  n. 

If  the  glass  tube  is  tilled  with  liquid,  and  this  is  at  rest,  the 
current  from  the  electromotor  divides  itself  between  the  two 
conductions,  and  these  two  portions  of  the  current  go  through 
the  turns  of  the  magnetometer  in  opposite  directions.     The 
resistances  of  the  two  conductions  are  as  equal  as  possible  ;  and 
the  polarization  in  the  one  must  be  just  in  the  same  proportion 
equal  to  that  in  the  other,  because  the  polarization  of  the  gold 
disk  in  the  middle  side-tube  exerts  the  same  action  upon  both 
portions  of  the  current,  and  the  polarization  of  the  two  outer 
polar  disks  must  be  of  the  same  nature  and  amount.     Both 
portions  must  therefore  be  nearly  the  same  in  quantity,  and 
the  sum  of  their  actions  on  the  magnetometer  become  nearly 
equal  to  zero.     The  experiments  also  showed  that  the  position 
of  equilibrium   of  the  needle-system  differed  by  only  a  few 
scale-divisions  from  that  occupied  by  the  system  when  no  cur- 
rent was  passing  through  the  windings  of  the  magnetometer. 
If,  for  instance,  the  liquid  is  moving  from  a  to  h,  one  portion 
of  the  galvanic  current  goes  in  the  same  direction  as  the  flow- 
ing liquid,  but  the  other  portion  goes  in  the  opposite  direction 
against  the  liquid  stream.     If  the  positive  pole  of  the  electro- 
motor is  connected  with  the  gold  disk  in  the  middle  side-tube, 
the  stream  of  liquid  and  the  portion  d  e  of  the  galvanic  current 
go  in  the  same  direction,  but  the  portion  cd'\n  the  reverse  di- 
rection to  that  of  the  liquid  ;  but  if  the  negative  pole  of  the 
series  is  connected  with  the  same  gold  disk,  the  conditions  are 
reversed.  Now,  if  the  resistance  is  dependent  on  the  motion  of  the 
liquid  (as  the  theory  requires),  the  two  portions  of  the  current 
become  unequal,  and  consequently  the  needle  of  the  magneto- 
meter must  make  a  deflection,  the  direction  of  which  can  easily 
be  determined  beforehand.     But  there  is  another  reason  that 
the  needle  of  the  magnetometer  may  alter  its  position  of  equi- 
librium :  as  soon  as  the  liquid  is  put  in  motion  the  polarization 
of  the  three  gold  disks  is  changed.     Yet  the  change  in  the 
polarization  of  the  middle  plate  has  no  influence  upon  the  rela- 
tive intensity  of  the  two  parts  of  the  current,  because  this  plate 
is  common  to  both,  and  a  change  in  the  polarization  must  act 
with  equal  effect  on  both  currents  ;  it  therefore  cannot  occasion 
a  deflection  of  the  needle.     The  outer  plates  do  not  behave  in 
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the  same  manner.  Although  we  try  as  much  as  possible  to 
give  them  the  same  magnitude,  form,  and  position,  yet  a 
slight  difference  in  this  respect  may  be  present ;  and  in  con- 
secpience  of  it  the  variation  in  polarization  etiected  by  the  flow 
of  the  liquid  may  be  a  little  greater  in  one  plate  than  in  the 
oth(M-.  Under  all  circumstances  a  difference  between  the  two 
plates  is  present,  consisting  in  the  fact  that  during  the  flow  of 
the  liquid  the  upper  disk  is  exposed  to  a  greater  pressure  than 
the  lower  one  ;  it  is  therefore  possible  that  this  may  cause  the 
needle  to  make  a  slight  deflection.  The  deflection  which 
results  from  variation  of  polarization,  however,  we  can  make 
as  small  as  we  please,  by  selecting  for  the  experiments  liquids 
ihe  resistance  of  which  is  sufliciently  great.  Moreover  it  results 
from  the  experiments  which  have  been  made,  that  the  direction 
of  the  deflection  is  determined  exclusively  by  this — that  the 
resistance  of  the  liquid  becomes  less  if  it  flows  in  the  same  di- 
rection as  the  galvanic  current,  but  greater  if  the  directions 
are  opposite. 

The  form  of  the  experiments  Mas  as  follows  : — When  the 
positive  pole  of  the  electromotor  was  connected  with  the  gold 
disk  in  the  middle  side-tube,  as  soon  as  the  liquid  was  set  mo- 
ving from  a  to  6  I  obtained  a  deflection  which  indicated  that 
the  part  of  the  current  passing  through  the  liquid  column  d  e 
(therefore  the  portion  that  had  the  same  direction  as  the  flow 
of  the  liquid)  2:)ossessed  a  greater  intensity  than  the  other. 
Now  the  cause  of  this  migfht  either  be  that  the  resistance  in  the 
column  d  e  became  less,  and  in  column  c  d  greater,  than  when 
the  liquid  was  at  rest,  or  possibly  that  by  the  motion  of  the 
liquid  the  polarization  of  the  polar  disk  e  was  rendered  feebler 
than  that  of  the  disk  c.  If  the  change  produced  in  the  polari- 
zation of  the  one  disk  by  the  motion  of  the  liquid  actually  dif- 
fered from  that  produced  in  the  polarization  of  the  other,  this 
must  have  depended  on  the  disks  in  the  side-tubes  c  and  e  dif- 
fering somewhat  in  size,  form,  and  position,  or  else  it  was 
because  the  one  was  exposed  to  a  greater  pressure  than  the 
other.  Therefore  it  cannot  be  with  safety  concluded  from  a 
single  experiment  that  the  resistance  to  conduction  is  depen- 
dent on  the  motion  of  the  liquid.  Thereupon  the  glass  tube 
was  inverted,  so  that  the  liquid  flowed  from  h  to  a,  while  all 
the  other  conditions  remained  unchanged.  The  direction  of  the 
deflection  obtained  was  the  opposite  of  the  previous  one,  from 
which  it  follows  that  the  part  of  the  current  which  passed 
through  the  column  of  liquid  from  dio  c  (and  consequently 
had  the  same  direction  as  the  liquid  stream)  was  more  intense 
than  the  other.  From  these  two  experiments  it  follows  that 
the  difference  in  form,  size,  and  position  that  mav  have  existed 
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between  the  two  outer  disks,  and  the  alteration  of  polarization 
thereon  depending,  had  no  effect  on  the  direction  of  the  deflec- 
tion. If,  as  in  the  first  ox})erinicnt,  the  licjmd  moved  from  a 
to  h,  and  tlie  neo;ative  instead  of  tlie  ])Ositivo  jiole  of  tlie  elec- 
tromotor was  connected  with  the  disk  in  the  middle  side-tube, 
the  deflection  obtained  indicated  that  the  part  of  the  current 
which  passed  through  the  licpiid  column  cd  (and  therefore  had 
the  same  direction  as  the  flow  of  the  liquid)  possessed  a  greater 
intensity  than  the  other.  In  the  flrst  two  experiments,  there- 
fore, the  more  jiowerful  part  of  the  galvanic  current  went  be- 
tween the  middle  polar  disk  and  that  one  of  the  two  outer  disks 
which  was  exposed  to  the  le^s  pressure  from  the  flowing  liquid  ; 
but  in  the  last  experiment  the  more  powerful  current  passed 
between  the  middle  disk  and  that  one  of  the  two  outer  disks 
which  received  the  greater  pressure.  The  difference  in  the 
pressures  to  Avhich  the  outer  disks  were  exposed  during  the  flow 
of  the  liquid  cannot,  then,  have  exerted  any  influence  on  the 
direction  of  the  deflection.  On  the  other  hand,  it  appeared  in 
all  the  experiments  that  that  part  of  the  current  which  had  the 
same  direction  as  the  flow  of  the  liquid  was  always  the  intenser  ; 
and  for  this  result  no  other  reason  can  be  given  than  that  the 
galvanic  resistance  becomes  less  when  the  current  moves  in  the 
same  direction  as  the  liquid,  and  greater  when  the  directions 
are  opposite. 

In  order  that  the  deflections  may  turn  out  regular,  the  liquid 
employed  must  exert  a  great  resistance.  The  importance, 
in  this  respect,  of  the  resistance  will  be  seen  from  the  follow- 
ing calculation. 

We  will  denote  by  r  the  sum  of  the  principal  resistances  in 
the  liquid  column  c  d,  in  the  conducting-wire  cf,  and  in  one 
position  of  the  wire  of  the  magnetometer,  and,  in  a  correspond- 
ing manner,  by  r  +  p  the  sum  of  the  resistances  in  the  liquid 
column  d  e,  in  the  conducting-wire  e  n,  and  in  the  other  posi- 
tion of  the  magnetometer-wire.  Because  these  sums  have 
been  made  as  nearly  as  possible  equal  to  one  another,  p  must 
be  a  very  small  quantity.  If  we  now  assume  that  the  negative 
pole  of  the  electromotor  is  connected  Avith  the  gold  disk  in  the 
middle  side-tube,  and  that  the  liquid  employed  is  water,  this 
disk  covers  itself  with  hydrogen,  the  electromotive  force  of 
whose  polarization  may  be  called  u\  The  two  outer  disks,  on 
the  contrary,  become  coated  with  oxygen  ;  and  the  electromo- 
tive force  of  its  polarization  in  the  side-tube  c  we  Avill  denote 
by  s,  and  in  the  side-tube  e  by  5  +  o-.  As  the  polarization  is 
ail  but  perfectly  equal  in  both  these  disks,  the  value  of  cr  must 
be  inconsiderable.  Let  i  denote  that  part  of  the  current  Avhich 
flows  through  the  liquid  column  c  d,  and  i^  that  part  which 
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flows  tlirono;li  d  e.  Tbe  electromotive  force  of  the  electromotor 
MQ  Avill  naiiu!  E  ;  the  principal  resistance  of  it,  R  ;  and  the  in- 
tensity of  the  undivided  current,  J.  We  have  then,  by  Kirch- 
hoff 's  laws  for  the  division  of  the  current  between  several 
conductors, 

E  — (w  +  s)  =  RJ  +  iV, 

E  -  (u'  +  s  +  0-)  =  E  J  +  ii(r  +  p), 
and 

J  =  I  +  ?'i. 

From  this  we  get 

.  _  Et* — Ro- — r(w  +  s  +  <7)  ^rt\ 

''         2Rr  +  r2  +  R/J  +  ?'p~       .     .  .     .     (,^; 
and 

.      E(r  +  p)  +  -R<r-(r  +  p)(w  +  s)  . 

2nr  +  r'  +  Up  +  rp           '  '     '     V^; 
and  consequently 

._.  _Ep  +  2^a  +  r<T—pio—ps  ,.-. 

'     ''           2nr  +  r'  +  Up  +  rp      '  '      '      ^^ 

The  difference  i—ii  determines  the  position  of  equilibrium 
of  the  magnetometer-needle  when  the  liquid  is  at  rest.  But 
when  the  liquid  is  set  in  motion,  s  is  changed  into  s  +  /3,  s  +  a 
into  s  +  a  +  ^i,  and  w  into  w  +  ir.  Denoting  the  parts  of  the 
current  which  flow  through  the  liquid  columns  c  d  and  d  e  re- 
spectively by  ijj  and  i^^^,  we  obtain  in  the  same  manner 

.    _Er  +  R/3— Rq-— R/g^— r(w  +  7r  +  g  +  o-  +  /3^) 
and 


_E(r  +  p)  +  Rq-  +  R/3;-R/3  +  0-  +  p)(Tt>  +  7r  +  g  +  /3) 
2Rr  +  r'^  +  R/j  +  r/)  ' 


(5) 

(6) 

(7) 


whence  ijj—i^^j=i 

Ep  +  2R;5,-2R/3  +  2R<r  +  rg-  +  r/3,-r;5-p(M>  +  7r  +  .9  +  /3) 
2Rr  +  r2  +  R/3  +  r/3 

Subtracting  the  first  difference  (4)  from  the  last  (7),  we 
obtain  the  expression  for  the  deflection  which  arises  solely  from 
the  fact  that  the  polarization  is  altered  by  the  motion  of  the 
liquid.     In  this  way  we  get 

a  _i    X     (.     .._2R(^-^)+r(^-/3)-p7r  +  p^         . 

The  value  of  p,  however,  is  so  inconsiderable  that  pnr,  pfi, 
Rp,  and  rp  can  be  neglected.  The  deflection  u,  which  arises 
only  from  the  alteration  of  the  polarization  by  the  motion  of 
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the  liquid,  becomes  therefore 

u^^lzI (9) 

r 

This  deflection  is  consequently  inversely  proportional  to  the 
resistance  of  the  liquid  ;  while  the  deflection  occasioned  by  the 
change  in  the  resistance  is,  according  to  equation  (1),  nearly 
independent  of  the  same  resistance.  If,  then,  liquids  of  suffi- 
ciently great  resistance  be  selected  for  the  experiments,  we  can 
make  the  variations  in  the  polarization,  harmless  without  thereby 
lessening  the  deflections  produced  by  the  alteration  of  the  re- 
sistance. Moreover  it  follows  from  equation  (1)  that  the  de- 
flections in  question  are  proportional  to  the  cross  section  of  the 
glass  tube  and  to  the  velocity  of  the  liquid,  but  independent  of 
the  intensity  of  the  galvanic  current  employed. 

Of  the  great  number  of  observations  conducted  in  the  way 
above  described,  it  may  be  sufficient  for  the  purpose  before  us 
to  communicate  only  the  following. 

III. 

For  the  experiments  a  cylindrical  vessel  of  thick  sheet  cop- 
per was  used,  tinned  on  the  inside,  and  capable  of  holding 
about  25  litres.  The  upper  end  Avas  hemispherical  and  pro- 
vided vnih.  three  apertures.  In  one  of  them  a  cock  w^as  fixed, 
which  was  connected  with  an  air-condensing  engine  by  means  of 
a  leaden  pipe.  In  order  to  measure  the  condensation  of  the  air 
produced  by  the  engine,  a  manometer  could  be  screwed  on  one 
of  the  other  apertures,  which  was  also  made  use  of  for  the  pur- 
pose of  filling  a  part  of  the  vessel  with  liquid.  In  the  third 
aperture  a  copper  pipe  with  a  cock  was  fixed  air-tight.  That 
part  of  this  pipe  which  was  inside  descended  perpendicularly 
nearly  to  the  bottom  of  the  vessel ;  the  part  outside  was  bent 
the  form  of  a  semicircle,  so  that  its  extremity  descended  perpen- 
dicularly. To  this  end  of  the  copper  tube  the  above-described 
glass  tube  Avas  screwed.  The  liquid  flowing  through  the  glass 
tube  was  received  in  a  vessel  of  glass  or  wood  standing  on  the 
floor  of  the  room.  Before  each  experiment,  air  was  forced 
into  the  vessel,  above  the  liquid,  up  to  a  pressure  of  two  or 
three  atmospheres  above  the  pressure  of  the  external  air.  No 
measures  were  adopted  to  keep  the  pressure  constant  and  in- 
variable ;  and  on  this  account  the  velocity  of  the  liquid  grew  less 
during  the  outflow.  This  inconvenience,  however,  was  of  little 
consequence,  because  in  this  investigation  the  question  was 
rather  to  obtain  an  experimental  proof  of  the  dependence  of  the 
resistance  on  the  motion  of  the  liquid  than  an  accurate  deter- 
mination of  the  laws  of  that  dependence. 
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Experiments  xcith  distilled  loater. 

Series  1. — The  glass  tube  had  an  internal  diameter  of  5 '5 
millims.  ;  the  distance  between  the  side-tubes  was  70,  and  the 
length  of  the  entire  tube  was  270  millims.  The  gold  disks 
were  drawn  so  far  back  in  the  side-tubes  that  the  distance  from 
the  inner  surface  of  the  glass  tube  amounted  to  1  centim. 
Trial  was  first  made  whether  a  deflection  could  be  obtained 
merely  by  the  motion  of  the  liquid,  without  inserting  an  elec- 
tromotor at  K.  In  this  the  gold  disk  in  the  middle  side-tube 
was  connected  immediately  with  the  binding-screws  g  and  h 
by  a  simple  conducting-wire.  As  was  to  be  expected,  in  this 
experiment  not  a  trace  of  a  current  was  observed. 

A  series  of  two  Daniell's  elements  Avas  now  inserted  at  K. 
The  rest  of  the  conducting-wires  were  arranged  as  shown  in 
fig.  1.  The  position  of  equilibrium  occupied  by  the  needle 
when  the  glass  tube  was  filled  with  water  at  rest  is  denoted  by  A 
in  the  following.  As  soon  as  the  cock  was  opened  and  the 
water  set  in  motion,  the  magnetometer-needle  made  a  deflec- 
tion. The  scale-division  at  which  the  needle,  after  a  complete 
deflection,  began  to  return,  is  given  by  B  ;  and  D  gives  the 
difference  between  A  and  B. 

The  negative  pole  of  the  electromotor  was  connected  with 

the  middle  polar  disk ;  the  water-floAV  was  from  a  to  b: 

A.  B.   -  D. 

617-0  619-0  2-0 

617-0  618-8  1-8 

617-0    ,  619-1  2-2 

Mean     .     .     2-0 
The  deflection  shows  that  the  part  of  the  galvanic  cun-ent 
Avhich  passed  from  c  to  d  (that  is,  in  the  same  direction  as  the 
water-flow)  was  more  powerful  than  the  other. 

The  glass  tube  was  now  inverted,  so  that  the  water  flowed 

through  it  from  btoa:  every  thmg  beside  remained  unchanged : 

A.  B.  D. 

618-0  616-0  2-0 

618-1  615-9  2-2 

618-0  615-9  24 

Mean     .     .     2-1 
The  deflection  (the  direction  of  which  was  opposite  to  that 

of  the  previous  one)  indicated  that  the  part  of  the  current 

which  went  from  e  to  d,  and  therefore  had  the  same  direction 

as  the  Avater-fiow,  was  the  more  powerful. 

The  positive  pole  was  connected  with  the  middle  disk ;    the 

water  flowed  continuously  from  b  to  a: 
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A. 

B. 

D. 

617-0 

615-8 

1-2 

617-5 

615-0 

2-5 

617-2 

614-9 

2-3 

Mean     . 

.     2-0 

The  deflection  had  now  the  same  direction  as  in  the  next 
preceding  experiment.  It  thence  follows  that  the  part  of  the 
current  which  coincided  in  direction  with  the  water-flow, 
going  from  d  to  c,  exerted  the  greatest  action. 

The  glass  tube  was  then  inverted,  so  that  the  water  flowed 
again  from  aio  h  ',  all  beside  unchanged : 

A.                          B.  D. 

617-0                619-2  2-2 

617-8                 620-4  2-6 

618-0                621-0  3^0 

Mean  .     .     2*6 

Consequently  it  was  shown  here  also  that  the  portion  of  the 
current  having  the  same  direction  as  the  water-stream  was 
stronger  than  the  other. 

Series  2. — This  was  similar  to  the  preceding,  but  with  the 
difference  that  the  disks  in  the  side-tubes  were  not  drawn  so 
far  back,  and  so  were  placed  near  the  inner  surface  of  the  glass 
tube.  They  were  more  exposed,  therefore,  than  before  to  the 
mechanical  action  of  the  flow  of  water. 

The  positive  pole  of  the  electromotor  connected  with  the 
middle  disk  : 

A.  B.  D. 

628-8  631-8  3-0 

628-8  632-0  "    3;2 

Mean     .     .     S'l 

The  direction  of  the  deflection  showed  that  the  current  in 
the  same  direction  as  the  water-flow  possessed  a  greater  inten- 
sity than  the  other. 

After  this  the  glass  tube  was  inverted,  so  that  the  water 
flowed  through  it  in  the  opposite  direction ;  all  beside  un- 
changed : 

A.  B.  D. 

628-9  626-0  2-9 

628-7  625-9  2-8 

628-9  625-2  3^7 

Mean     .     .     3-1 

The  negative  pole  connected  with  the  middle  disk  ;  all  else 
unchanged  : 
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A. 

B. 

D. 

631-3 

629-0 

2-3 

631-5 

629-0 

2-5 

631-5 

629-0 

2-5 

Mean     . 

.     2-4 

iverted  ; 

the  rest  of  the  arrai 

igemei 

A. 

B. 

D. 

632-0 

634-0 

2-0 

631-9 

631-0 

2-1 

631-9 

634-2 

2-3 

Mean     .     .     2-1 

Consequently  this  series  gives  the  same  result  as  the  first — 
namely,  that  the  resistance  to  galvanic  conduction  is  diminished 
if  the  conductor  moves  in  the  same  direction  as  the  galvanic 
current,  but  it  is  increased  if  the  two  go  in  opposite  directions. 

In  all  these  experiments  the  velocity  of  the  distilled  water 
was  between  9  and  10-5  metres  in  a  second. 

Experiments  icith  alcohol  containing  hy  volume  24  per  cent. 

water. 

With  this  liquid  the  experiments  were  conducted  in  the  same 
manner  as  with  the  distilled  water,  and  led  to  the  same  result ; 
it  might  therefore  be  superfluous  to  describe  them  here. 

Exjjeriments  ivith  xoater  from  the  toion-supply. 

An  experiment  was  made  which  showed  that  the  resistance 
of  distilled  water  is  about  fifty  times  as  great  as  the  water  from 
the  conduit.  A  glass  tube  in  all  respects  like  the  one  before 
described  Avas  screwed  on  to  the  water-pipe  in  a  vertical  posi- 
tion. The  connexions  between  the  gold  disks  in  the  side-tubes, 
the  electromotor,  and  the  magnetometer  were  arranged  in  the 
same  way  as  in  the  preceding  experiments.  The  only  differ- 
ence with  the  observations  was,  that,  as  the  supply  of  liquid 
was  unlimited,  the  constant  deflections  were  observed  instead 
of  the  scale-division  at  which  the  magnetometer-needle  began 
to  return.  By  special  experiments,  in  which  no  electromotor 
was  inserted  between  the  middle  disk  and  the  binding-screws 
g  and  h,  I  convinced  myself  that  no  galvanic  current  arose 
from  the  water  out-flow  alone.  Therefore  no  extraneous  cause 
of  a  galvanic  current  was  present  to  produce  a  deflection  of  the 
galvanometer-needle. 

As  the  water  from  the  conduit  was,  in  comparison  with  dis- 
tilled water,  a  good  conductor,  it  was  to  be  expected  that  the 
polarization  of  the  disks  would  here  exercise  a  greater  influence 
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than  in  the  foregoin<i;  experiments  ;  this  results  clearly  from 
equation  (I*).  On  this  account,  the  experiments  had  to  be 
conducted  with  suitable  })recautions  to  })revent  the  polarization 
from  aii"ectin()j  the  direction  of  the  deflections.  Before  each 
experiment  the  electric  series  had  to  remain  a  lon<rer  time 
closed  in  order  that  the  disks  might  bo  completely  })olarized. 
Durino;  this  time  the  water-cock  was  several  times  turned  on 
and  oil".  It  was  only  atter  this  had  been  done  that  1  could 
reckon  upon  obtaining  constant  and  regular  deflections.  It 
nnist,  besides,  be  remarked  that  the  galvanic  current  em])loyed 
should  not  be  too  powerful,  because  the  harmful  effect  arising 
from  the  galvanic  difference  between  the  disks  increases  with 
the  intensity  of  the  current.  In  the  following  experiments 
two  Daniell's  elements  A\ere  employed.  Out  of  the  observa- 
tions thus  conducted,  it  will  be  sufficient  to  give  the  two  fol- 
lowing series.  A,  B,  and  D  have  the  same  signification  as 
before. 

Series  3. — Here  another  glass  tube  was  employed  ;  but  the 
distance  of  the  disks  from  each  other  and  the  diameter  of  the 
tube  were  about  the  same  as  in  the  first  tube.  The  velocity  of 
the  water,  when  the  cock  was  turned  full  on,  amounted  to  about 
10  metres  per  second.  In  reckoning  the  magnitude  of  the 
deflections,  the  mean  was  taken  of  two  successive  positions  of 
equilibrium  with  still  water. 

The  negative  pole  of  the  electromotor  was  connected  with 
the  middle  disk  : 

A,  R.  D. 

608-0  611-0  2-6 

608-8  611-2  2-3 

609-0  610-2  1-2 

609-0  610-5  1-5 

609-0  611-0  2;0_ 

609-9  Mean     .     .     1-92 

The  positive  pole  connected  with  the  middle  disk,  the  rest 
unchanged : 

A.  B.  D. 

626-5  628-8  2-3 

626-5  627-5  1-7 

625-0  628-5  3-0 

626-0  627-5  1-7 

625-5  627-2  l-2_ 

^^^'^  Mean     .     .     1^ 

The  direction  of  the  deflections  indicated  in  both  cases  that 
the  resistance  is  diminished  when  the  galvanic  current  and  the 
water-flow  coincide  in  direction. 
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The  glass  tube  Avas  then  inverted,  so  that  the  water  entered 
at  the  other  end  of  it,  every  thing  else  remaining  unaltered  : 

A,  B.  I). 

()27-3  624-9  2-3 

627-0  624-0  3-0 

627-0  624-4  2-6 

627-0  624-0  2-8 

626-5  624-0  2;^ 

<5^0'7  Mean     .     .     2i36 

The  negative  pole  was  connected  with  the  middle  disk ; 

A.  B.  D. 

606-4  605-0  1-6 

606-8  603-0  3-9 

607-0  605-4  1-9 

607-5  605-4  1-9 

607-0  604-8  2;2_ 

607-0  Mean     .     .     2-30 

In  both  the  last  two  cases,  the  deflections  were  (as  they 
should  have  been)  opposite  to  the  preceding  ones. 

Series  4. — The  disks  Avere  drawn  so  far  back  in  the  side- 
tubes  that  the  distance  from  the  inner  surface  of  the  glass  tube 
amounted  to  8  millims.  They  were  thereby  less  exposed  to 
the  mechanical  action  of  the  stream  of  water. 

The  negative  pole  was  connected  with  the  middle  disk : 
A.  B.  D. 

626-0  623-0  2-0 

624-0  622-6  2-4 

626-0  622-8  2-7 

625-0  622-5  2-0 

624-0  622-5  1;5_ 

<5^4'0  Mean     .     .     2-12 

The  glass  tube  was  inverted,  so  that  the  water  entered  at  the 
other  end  ;  all  beside  unchanged  : 

A.                           B.  D. 

625-5                 629-0  4-0 

624-5                 629-0  4-7 

624-0                629-0  4-7 

624-5                 628-5  4-0 

624-5                 629-0  4-T_ 

624-0                   Mean  .     .     4-42 

The  positive  pole  was  connected  with  the  middle  disk,  the 
rest  unchanged : 


! 
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A. 

B. 

D. 

615-0 

617-0 

1-6 

615-8 

616-2 

0-8 

615-0 

616-2 

1-2 

615-0 

616-0 

1-0 

615-0 

Mean     . 

.     1-15 

After  this  the  glass  tube  was  turned  back  again ;  all  beside 
unaltered.  The  following  observations  were  made  a  day  sub- 
sequent to  the  foregoing  : — 


A. 

B. 

D. 

612-4 

610-5 

2-2 

613-0 

610-0 

3-0 

613-0 

610-0 

30 

613-0 

610-0 

2-5 

612-0 

610-0 

2-2 

612-4 

Mean     . 

.     2-58 

The  directions  of  the  deflections  in  this  series  were  exactly 
the  same  as  in  the  prcAdous  ones,  indicating  that  the  resistance 
to  conduction  is  lessened  when  the  conductor  moves  in  the 
same  direction  as  the  galvanic  current. 

In  the  experiments  here  communicated  the  direction  of  the 
deflections  is  exclusively  of  importance,  and  too  much  weight 
must  not  be  attributed  to  their  absolute  magnitude  ;  for  the 
latter  was  altered  partly  by  polarization.  After  the  water  is 
set  in  motion,  the  two  parts  into  which  the  galvanic  current 
divides  are  no  longer  equal :  that  Avhich  goes  in  the  same  di- 
rection as  the  liquid  has  become  greater,  while  the  other  is 
diminished  by  an  equal  quantity ;  and  therefore  currents  of 
different  intensities  pass  through  the  disks  in  the  two  outer 
side-tubes.  As  the  polarization,  when  the  currents  are  as 
feeble  as  they  were  in  these  experiments,  increases  with  the 
current-intensity,  the  more  intense  part  of  the  current  must  be 
somewhat  more  weakened  by  the  polarization  than  the  other  ; 
and  since  the  deflections  are  proportional  to  the  difference  of 
the  two  current-intensities,  they  must  be  smaller  than  Avhen 
no  polarization  takes  place.  On  the  other  hand,  the  polariza- 
tion of  the  middle  disk,  as  already  remarked,  has  no  efiect  on 
the  relative  quantity  of  the  two  parts  of  the  current.  There- 
fore no  reliable  measure  of  the  change  produced  in  the  resist- 
ance of  the  liquid  by  its  motion  can  be  obtained  from  the  ex- 
periments made ;  they  show  only  that  such  a  change  actually 
takes  place,  and  that  it  cannot  fall  below  the  limit  which  can 
be  calculated  from  the  deflections  obtained. 

As  already  stated,  we  get  no  deflections,  unless  an  electro- 
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motor  is  inserted  between  the  middle  disk  and  the  binding- 
screws  (J  and  It  ;  so  that  the  deflections  obtained  do  not  derive 
their  origin  from  any  sort  of  diaphragm-currents  or  from  any- 
other  extraneous  cause.  The  following  observation  (to  which 
I  would  direct  the  attention  of  those  w^ho  may  desire  to  control 
my  experiments)  does  not  contradict  this  : — If,  as  soon  as  a 
series  of  experiments  is  concluded,  the  electromotor  be  with- 
drawn and  instead  of  it  a  simple  conducting-wire  connect  the 
middle  disk  with  the  binding-screws  g  and  h,  and  thereupon 
the  licpiid  be  set  in  motion,  a  deflection  will  be  obtained,  and 
bhis  in  the  same  direction  as  the  one  a  short  time  before  ob- 
aincd  while  the  electromotor  was  in  the  circuit ;  and  if  the 
i;lass  tube  be  now  inverted,  we  shall  have,  quite  regularly,  a 
leflection  in  the  opposite  direction.  It  is  easy  to  perceive 
.vhence  these  deflections  proceed.  When  the  electromotor  was 
mserted  the  disks  in  the  side-tubes  were  polarized,  and  the  two 
>uter  ones  received  a  coating  of  the  same  sort  of  gas.  Since 
he  disappearance  of  the  polarization  is  gradual,  on  this  account 
.  polarization-current  went  through  each  half  of  the  water 
•olumn  immediately  after  the  removal  of  the  electromotor  ;  but 
Ihe  current  in  one  half  was  opposite  to  that  in  the  other,  in  the 
iame  manner  as  when  the  electromotor  was  in  the  circuit ;  and 
when  the  liquid  was  put  in  motion,  the  resistance  in  one  half  be- 
•ame  greater,  and  the  other  less,  than  before.  Thereby  the  two 
'urrents  acquired  unequal  intensity;  and  in  consequence  of 
.his  the  magnetometer-needle  could  not  but  make  a  deflection. 

IV. 

The  result  of  the  above  experiments  I  have  endeavoured  to 
control  by  a  method  of  investigation  in  every  respect  different 
from  that  just  described ;  it  was  the  following  : — 

Kohlrausch  and  Nippoldt  *  have  ^shown  that  alternating  in- 
duction-currents, succeeding  each  other  at  sufficiently  brief 
intervals,  can  be  advantageously  employed  for  making  the  re- 
sistance of  liquids  independent  of  polarization.  When  w^ater  is 
the  electrolytic  liquid,  only  a  very  thin  covering  of  oxygen  can 
form  on  the  one  polar  disk,  and  of  hydrogen  on  the  other,  during 
the  short  time  that  the  current  lasts ;  and  in  the  next  instant 
the  directions  of  the  current  are  reversed,  so  that  the  disk 
which  just  before  was  receiving  hydrogen  receives  now  oxygen, 
and  vice  versa.  If  the  currents  are  of  equal  intensity  and 
short  duration  and  foEow  close  upon  one  another,  it  is  easy  to 
see  that  the  polarization  produced  by  them  must  be  reduced  to 
a  minimum.  Indeed  the  investigations  of  the  above-mentioned 
philosophers  showed  also  that  the  polarization  was  without  per- 
-   -    ..      J  T>„^n.   /(ww.  vol.  cxxxviii.  p.  280. 


depevdeiit  on  the  Motion  of  tfte  i'onditctor. 


lOo 


til 


'asurciiKMits  (jf  tli 


ceptible  influence  on  the  acnirncy  ol 
resistance. 

We  will  ima<i;iii(^  that  tlu^  polar  disks  in  the  outer  sidc-tuhes 
c  and  e  (fig.  1)  are  connect<'d  with  the  windings  of  the  niagne- 
tometer  in  sucli  wise  that  a  galvanic  current  passes  through 
all  the  windings  in  the  same  direction.  The  middle  side-tube 
is  closed,  and  the  disk  in  it  do(!s  no  service  in  tliese  experi- 
ments. If  now  an  electromotor  which  emits  alternating  cur- 
rents of  equal  intensity  and  short  duration  ho  inserted  between 
c  and  /',  it  is  evident  that  the  magn(>tometer-needle  must  con- 
tinue in  its  position  of  equilibrium  if  the  water  in  the  glass 
tube  is  at  rest,  because  the  actions  of  the  currents  neutralize 
one  another ;  but  when  the  water  is  set  in  motion,  then,  because 
this  motion  alters  the  resistances,  that  current  which  has  the 
same  direction  as  the  water  is  augmented,  and  the  other  dimi- 
nished, and  on  this  account  the  needle  must  make  a  deflection. 

In  the  experiments  which  were  made  on  the  present  occa- 
sion, induction-currents  were  not  employed,  as  in  Kohlrausch 
and  Nippoldt's  investigation,  but  an  arrangement  of  the  follow- 
ing nature.  A  circidar  disk  of  boxwood  75  millims.  in  dia- 
meter, and  20  millims.  in  thickness  is  covered  on  each  side 
with  a  brass  disk.  By  aid  of  a  winch  and  cog-wheel  the  disk 
can  be  turned  on  its  axis,  making  five  turns  during  one  revo- 
lution of  the  winch-handle.  Fig.  2  represents  a  portion  of  the 
circumference  of  the  disk.  From  the  two  brass 
disks  A  and  B  little  brass  plates  a,  h,  c,  d,  and  e  ^'^'  ' ' 

stand  out,  all  perfectly  equal  in  width,  and  situ- 
ated at  equal  distances  one  from  the  other.  They 
are  let  into  the  wood  so  that  their  surface  coincides 
with  the  periphery  of  the  disk.  Every  other  of 
these  brass  plates  is  in  connexion  with  the  brass 
disk  A,  and  every  other  in  connexion  with  B.  The 
niunber  of  these  plates  is  24,  of  wdiich,  therefore, 
12  are  in  conducting-union  with  A,  and  the  other 
12  with  B.  The  distance  of  the  plates  from  one 
another  is  equal  to  their  width.  By  a  suitable  arrangement 
the  brass  disk  A  was  connected  with  one  pole  of  an  electro- 
motor, and  B  with  the  other  pole.  On  the  periphery  of  the 
boxwood  disk,  two  brass  springs,  tipped  with  steel,  insulated 
from  each  other,  slide  in  such  a  way  that  they  are  simulta- 
neously in  contact  with  two  neighbouring  brass  plates.  At 
the  same  time,  therefore,  the  one  is  in  contact  with  the  plate  a, 
and  the  other  with  plate  b.  One  of  these  brass  springs  was 
connected  with  the  polar  disk  in  the  upper  side-tube  (fig.  1)  ; 
from  the  disk  in  the  lower  side-tube  e  a  conducting-wire  went 
to  one  end  of  the  Avindings  of  the  magnetometer  ;  from  the 
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otbtT  end  of  the  windings  a  wire  conductor  went  to  the  other 
brass  s})rino;.  From  this  it  is  evident  that,  during  the  turning 
of  the  winch,  the  direction  of  the  currents  was  continually 
alternating,  not  merely  in  the  glass  tube,  but  also  in  the  coils 
of  the  magnetometer.  The  winch  was  usually  turned  once  in 
3.  second  ;  consequently  the  currents  changed  their  direction 
120  times  in  the  same  time. 

In  order  to  ascertain  whether,  with  the  alternator  just  de- 
scribed, the  measurements  could  be  carried  out  quite  indepen- 
dently of  the  polarization,  I  proceeded  as  follows  : — A  paral- 
lelepipedal  wooden  box,  asphalted  on  the  inside,  was  filled  with 
water  from  the  conduit.  Two  gold  plates,  just  large  enough 
to  fill  the  cross  section  of  the  box,  were  placed  at  a  distance  of 
50  centims.  one  from  the  other.  A  constant  galvanic  current 
was  then  caused  to  pass  through  the  water ;  and  as  soon  as  the 
gold  plates  were  completely  polarized,  the  intensity  of  the  cur- 
rent was  measured.  After  that  the  plates  were  placed  at  a 
distance  of  25  centims.,  andjust  so  much  rheostat  Avire  inserted 
in  the  conduction  that  the  intensity  was  the  same  as  before ; 
the  resistance  in  the  water  column  of  25  centims.  length  was 
then  equal  to  that  of  the  rheostat  wire  employed.  I  now  tried 
whether  by  means  of  the  alternating  currents  of  the  alternator 
the  same  value  of  the  resistance  of  the  water  column  would  be 
obtained.  The  wire  conductors  by  which  the  electromotor, 
magnetometer,  alternator,  and  water  column  or  the  rheostat 
were  connected  were  so  ari'anged  that  all  the  ciu-rents  flowed 
through  the  windings  of  the  magnetometer  in  the  same  direc- 
tion, but  were  incessantly  alternating  their  direction  in  the 
water  column  or  the  rheostat.  To  attain  this  end,  one  pole 
of  the  electromotor  was  connected  with  the  brass  disk  A  or  B, 
and  the  other  pole  with  one  end  of  the  Avindings  of  the  magne- 
tometer.  The  other  end  of  the  magnetometer- wire  was  joined 
to  the  other  brass  disk  B  or  A.  Finally,  the  two  brass  sliding 
springs  were  united  either  with  the  two  gold  disks  or  with  the 
ends  of  the  rheostat  wire. 

When  the  rheostat  was  included  in  the  circuit,  by  employing 
the  alternator  a  constant  deflection  of  135  scale-divisions  was 
obtained. 

When  the  water  column  was  inserted,  the  deflection  was 
136'5  scale-divisions. 

The  experiment  repeated  with  the  rheostat  gave  138. 

The  mean  of  the  first  and  third  experiments  gives  136'5 
scale-divisions,  or  the  same  number  as  the  water  colmnn. 

In  another  comparison,  when  the  rotation  took  place  with  a 
different  velocity,  with  the  water  column  a  deflection  of  125*5, 
and  with  the  rheostat  one  of  125  scale-divisions,  were  obtained. 
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It  is  hence  clear  that  by  the  alternator  the  polarization  was  so 
completely  eliniiiuitocl  that  the  possibly  remaining  effect  of  it 
fell  within  the  limits  of  errors  of  observation. 

The  gold  plates  uschI  in  these  last  ex])eriments  were  many 
times  larger  than  those  little  gold  disks  which  were  inserted  in 
the  side-tubes  of  the  glass  tube  ;  but  the  intensity  of  the  cur- 
rents employed  was  also  in  nearly  the  same  ])roportion  greater 
than  the  intensity  employed  in  the  previous  experiments  ; 
therefore  the  polarization  on  the  unit  of  surface  of  the  polar 
plate  cannot  have  been  very  diti'erent  in  the  two  cases.  Con- 
sequently the  proof  now  given  that  alternating  currents  render 
the  polarization  harmless  must  hold  good  also  for  the  experi- 
ments with  the  small  gold  disks.  Moreover  it  is  self-evident 
that,  for  the  utility  of  the  method  of  observation  here  presented, 
it  is  quite  immaterial  whether  the  entire  polarization  is  got  rid 
of  or  not.  The  only  thing  requisite  is,  that  both  plates  shall 
be  in  the  same  condition  with  respect  to  polarization  ;  and  this 
requirement  is  at  any  rate  completely  satisfied. 

When  the  water  in  the  glass  tube  was  at  rest  and  the  winch 
of  the  alternator  was  turned  with  a  constant  velocity,  the  needle 
of  the  magnetometer  remained  motionless.  If  the  water  was 
then  set  in  motion,  I  always  obtained  a  deflection  which  indi- 
cated that,  of  the  two  alternate  currents,  that  which  went  in 
the  same  direction  as  the  water  was  more  powerful  than  the 
other.  These  experiments  were  made  both  with  water  from 
the  conduit  and  with  distilled  water.  The  deflections,  however, 
were  much  smaller  than  those  obtained  by  the  first  method. 
That  they  would  be  so  could  easily  be  foreseen.  Since  the  dis- 
tances between  the  brass  plates  let  into  the  boxwood  disk  were 
equal  in  magnitude  to  the  width  of  the  plates,  the  current  was 
closed  during  only  half  the  time  that  the  winch  was  moved  ; 
consequently  the  current  in  one  direction  did  not  last  longer 
than  a  quarter  of  that  time.  It  must  moreover  be  remarked 
that,  because  the  alternating  currents  received  an  intensity 
that  differed  on  account  of  the  flowing  of  the  water,  polariza- 
tion was  not  entirely  removed,  but  somewhat  enfeebled  the 
stronger  current.  These  circumstances  could  not  but  occasion 
a  diminution  of  the  deflections.  Notwithstanding  this,  the  de- 
flections were  perfectly  distinct  and  regular.  In  order  to  get 
greater  deflections,  an  ordinary  galvanometer,  manufactured 
by  Ruhmkoi-ff,  with  a  very  astatic  needle-system,  was  provided 
with  a  mirror-reading.  In  this  way  an  instrument  was  ob- 
tained more  sensitive  than  the  magnetometer,  though  at  the 
same  time  it  was  aftected  with  the  inconvenience  that  the  posi- 
tion of  equilibrium  of  the  needle  was  dependent  on  the  varia- 
tions in  the  position  of  the  terrestrial-magnetic  declination- 
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plane.  Tlie  deflections  became  now  considerably  greater,  and, 
besides,  corresponded  perfectly  with  those  obtained  with  the 
magnetometer. 

The  two  mutually  independent  methods  of  investigation  have 
thus  conducted  us  to  the  same  result,  that  foretold  by  the  theory 
— namely,  that  the  resistance  to  galvanic  conduction  is  dimi- 
nished xchen  the  conductor  and  the  current  viove  in  the  same 
direction,  but  is  increased  ivhen  the  directions  are  opposite. 

1  will  only  mention,  in  conclusion,  that  I  have  tried  to  em- 
ploy for  this  investigation  a  saturated  solution  of  sulphate  of 
copper,  with  copper  poles,  and  a  solution  of  sulphate  of  zinc, 
with  amalgamated  zinc  poles  ;  but  these  liquids  were  quite  in- 
applicable, because  1  could  never  succeed  in  rendering  the 
polar  plates  galvanically  so  equal  that,  when  the  plates  dipped 
into  the  liquid,  a  slight  current  would  not  arise,  which  imme- 
diately varied  as  soon  as  the  liquid  was  set  in  motion.  Whence 
this  originated  I  cannot  say.  The  sulphate-of-zinc  solution, 
however,  contained  some  iron. 

XIV.  On  the  Distribution  of  Energy  in  a  mass  of  Liquid  iti  a 
state  of  Steady  Motion.  By  James  H.  Cotterill,  M.A., 
Professor  of  Apjylied  Mechanics  in  the  Royal  Naval  College, 
Greenwich* . 

WHEN  a  liquid  is  in  a  state  of  steady  motion,  we  know 
that  the  total  energy  of  any  given  particle  and  of  all 
that  follow  it  in  one  and  the  same  line  of  motion  is  a  constant 
quantity  ;  or,  as  we  may  otherwise  express  it,  the  total  energy 
of  each  elementary  stream  is  uniformly  distributed.  I  am  not, 
however,  aware  that  it  has  been  hitherto  noticed  that  the  dis- 
tribution of  energy  among  the  several  elementary  streams,  of 
which  the  whole  current  is  supposed  to  be  made  up,  depends 
solely  on  the  molecular  rotation  at  each  point  of  the  liquid, 
and  is  uniform  when  the  motion  is  irrotational. 

For  simplicity  suppose  the  motion  to  be  in  two  dimensions, 
and  to  take  place  either  in  a  vertical  or  horizontal  plane.  In 
the  first  case  the  liquid  will  be  under  the  action  of  gravity 
only;  and  in  the  second,  which  will  be  included  in  the  first,  the 
eiFect  of  gravity  need  not  be  considered.  In  the  figure,  let 
A  B,  C  D  be  consecutive  lines  of  motion,  and  P  Q  a  normal 
to  these  lines,  and  let  P  and  Q  be  particles  moving  in  these 
lines.)  Then,  if  h  be  the  total  head  at  Q  (that is,  the  total  energy 
of  Q  per  unit  of  weight), 

;■=.+  £ +  |!, 
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where  z  is  the  elevation  of  Q  ahove  some  given  datum  level, 
and  to  is  the  weight  of  a  cuhic  foot  of  water.     Differentiating, 


we  get  .V,      ^    ,  ^p  ,    I'St; 

10         g 

for  the  head  at  P,  where  hz,  being  the  elevation  of  P  above  Q, 
is  given  by 

8c:  =  PQ.  cos^, 

where  0  is  the  angle  PQ  makes  with  the  vertical. 

But  if  we  imagine  a  small  cylinder  described  round  P  Q  as 
an  axis  and  consider  its  equilibrium,  it  is  clear  that 

S7).a=  —  .       a.  PQ— ii?.  a.  PQ.  cos6, 
9      P 
Avhere  a  is  the  sectional  area  of  the  cylinder,  and  p  the  radius 
of  curvature  of  the  lines  of  motion  at  P  Q.     Combining  this 
with  the  former  equation,  we  get 

8h=^.FQ+'^  =  '1:1^1'- +  4^1. 
9P  9  9      ^P      ^Qj 

Now  it  is  already  knoAvn  that,  if  through  a  given  particle  A 
lines  be  drawm  through  B  and  C,  two  particles  very  near  to  A, 
such  that  A  B  and  B  C  are  at  right  angles  to  each  other  at  the 
instant  considered,  then  the  mean  angular  velocity  of  these 
lines  is  the  same  in  whatever  direction  they  be  drawn  through 
A,  and  is  equal  to  the  angular  velocity  with  which  a  small 
cylindrical  element  described  round  A  would  rotate  if  supposed 
suddenly  solidified,  w^hich  mean  angular  velocity  may  hence 
conveniently  be  called  the  molecular  rotation.     In  the  present 

case  -  is  the  angular  velocity  of  the  tangent,  that  is,  of  a  line 
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Bv 
drawn  through  two  consecutive  moving  particles  ;  and  -pT=.  is 

the  angular  velocity  reckoned  in  the  same  direction  of  a  line 
drawn  perpendicular  to  the  tangent  through  P  and  Q,  two  con- 
secutive moving  particles.  The  sum  of  the  two  is  therefore 
twice  the  molecular  rotation  ;  and  if  we  call  the  molecular  ro- 
tation ^  ,  we  shall  have 

8h  =  2.'l^lQ.^ (1) 

9 

Now  V  .  PQ  is  constant,  heing  the  flow  in  an  elementary  stream 
of  breadth  unity;  and  hence  we  see  that  ^7*^  difference  of  energy 
between  two  consecutive  elementary  streams  is  projwrtiorial  to  the 
molecidar  rotation  at  any  point  of  either. 

An  immediate  consequence  of  this  is  that  the  molecular  ro- 
tation is  the  same  at  all  points  situated  in  a  line  of  motion,  and 
can  be  determined  when  the  difference  of  head  is  known.  Thus 
in  the  well-known  trochoidal  motion,  the  difference  of  head 
hetAveen  one  trochoidal  layer  and  the  next  consecutive  is  easily 

2r  . 

seen  to  be  g- .  Br,  where  r  is  the  length  of  the  tracing-arm, 

and  R  the  radius  of  the  rolling  circle.  Hence,  placing  this  in 
equation  (1),  the  known  value  of  the  molecular  rotation  is 
more  easily  determined  than  in  any  other  way. 

Again,  we  learn  that  if  the  energy  of  any  portion  of  the 
liquid  be  initially  uniformly  distributed,  the  motion  of  that 
portion  must  be  irrotational  and  must  always  remain  so  ;  and 
thus  we  have  a  simple  demonstration  that  the  permanent  mo- 
tion of  a  perfect  liquid  past  a  solid  free  from  discontinuity  of 
curvature  and  perfectly  smooth  is  necessarily  irrotational.  This 
demonstration  clearly  also  applies  to  any  case  in  which  a  per- 
fectly smooth  and  fair-formed  solid  moves  with  a  uniform  mo- 
tion of  translation  through  a  liquid  at  rest. 

The  peculiar  form  in  which  the  condition  for  irrotational 
motion  is  expressed,  namely 

I'  +  A  =0 

leads  to  a  conclusion  of  much  importance — namely,  that  by  a 
surface  of  "  fair  "  form  is  to  be  understood  a  surface  free  from 
discontinuity  of  curvature,  and  not  merely  from  discontinuity 
of  form  :  thus  a  circular  arc  joined  to  a  straight  line  is  not  a 
fair  form,  since  the  radius  of  curvature  changes  abruptly  and 
occasions    a   discontinuity    of  form  in    the   next  consecutive 
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stream-line.     This,  of  course,  is  also  true  when  the  molecular 
rotation  is  not  zero,  but  any  constant. 

AVhen  the  motion  is  not  contincd  to  one  plane,  the  energy 
of  the  Huid  will  be  unifonnly  distributetl  in  any  case  in  which 
the  molecular  rotation  is  zero,  or  more  generally  when  the  axis 
of  rotation  of  a  fluid  element  is  likewise  the  dinn'tion  of  its 
motion  of  translation  ;  but  the  consideration  of  this  kind  of  mo- 
tion is  postponed  for  the  present. 

XV.    The  History  of  Young's  Discovery  of  his  Theory  of 
Colours.     By  Alfred  M.  Mater. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Stevens  Institute  of  Technology,  Iloboken, 
Gentlemen,  New  Jersey,  December  13,  1875. 

I  HAVE  the  honour  to  send  you  for  publication  in  your 
Journal  the  accompanying  paper,  entitled  "  The  History 
of  Young's  Discovery  of  his  Theory  of  Colours."  Disjointed 
extracts  from  this  paper  have  appeared  in  English  journals; 
and  I  am  therefore  desirous  that  the  entire  paper  should  appear 
in  your  Journal,  if  you  should  deem  it  worthy  of  that  di- 
stinction. 

I  remain,  Gentlemen, 

Very  respectfully  j^ours, 

Alfred  M.  Mayer. 


The  object  of  this  communication  is  twofold  :  I  desire  first 
to  give  complete  abstracts  from  the  writings  of  Newton, 
Young,  and  Wollaston,  in  order  to  put  the  student  of  science 
in  possession  of  all  of  the  early  literature  relating  to  Young's 
theory  of  colours  :  in  the  second  place,  I  propose  to  trace  the 
curious  history  of  the  steps  by  w'hich  Young  was  led  to  the 
final  adoption  of  what  is  now  known  as  Young's  theory  of 
colour-sensation.  In  accomplishing  the  first  of  these  objects, 
I  shall  at  the  same  time  attempt  to  show,  1st,  that  Young  first 
formed  an  hypothesis  similar  to  that  known  as  Brewster's 
(that  is,  he  selected  red,  yellow,  and  blue  as  the  three  simple 
colour-sensations);  2nd,  that  he  subsequently  modified  his 
hypothesis  and  adopted  red,  green,  and  violet  as  the  three  ele- 
mentary colour-sensations,  showing  that  up  to  the  date  of  this 
change  of  opinion  all  of  his  ideas  on  the  subject  were  hypo- 
thetical, and  not  based  on  any  observations  or  experiments  of 
his  own  or  of  others  ;  3rd,  that  this  change  of  opinion  as  to 
the  three  elementary  colours  was  made  on  the  basis  of  a  mis- 
conception by  Wollaston  of  the  nature  of  his  celebrated  obser- 


112  Prof.  A.  M.  Mayer  on  the  History  of  Young's 

ration  of  the  dark  lines  in  the  solar  spectrum,  and  also  on  the 
basis  of  an  en-onoous  ohservation  made  by  Young  in  repeair- 
ing  Wollaston's  experiment ;  4th,  that  Young  subsequently 
tested  his  hypothesis  of  colour-sensation  and  found  that  it  was 
in  accord  -with  facts  reached  by  experiment,  and  that  these 
experiments  then  vindicated  his  hypothesis  and  raised  it  to  the 
dignity  of  a  theory. 

Before  discussing  the  subject  proper  of  this  article,  it  may 
be  well  to  give  the  reader  a  clear  conception  of  Young's  theory 
of  colour-sensations,  and  to  show  in  what  high  estimation  it  is 
at  present  held  by  men  of  science.  This  can  best  be  done  by 
the  reading  of  the  following  short  extracts  from  Helmholtz's 
*  Physiological  Optics '  and  from  his  '  Popular  Scientific 
Lectures.' 

"  To  speak  of  three  fundamental  colours  in  an  objective 
sense  would  be  nonsense ;  in  fact,  as  long  as  one  refers  only 
to  purely  physical  conditions,  and  while  there  is  no  reference 
to  the  human  eye,  the  properties  of  compound  light  depend 
alone  on  the  proportions  in  which  exist  lights  of  different 
wave-lengths.  The  reduction  of  light  to  three  fundamental 
colours  can  never  have  any  thing  else  than  a  subjective  signi- 
fication ;  it  consists  simply  in  reducing  all  colour-sensations  to 
three  fundamental  sensations.  It  is  in  this  sense  that  Young 
understood  the  problem;  and  his  hypothesis  gives,  in  fact,  an 
exceedingly  clear  and  simple  explanation  and  summary  of  all 
of  the  phenomena  fovmd  in  the  physiological  study  of  colours. 
Young  states  that — 

''  '1.  There  exist  in  the  eye  three  kinds  of  nerve-fibres, 
whose  excitation  respectively  gives  the  sensation  of  red,  of 
green,  and  of  violet. 

"  '  2.  Homogeneous  light  excites  the  three  kinds  of  nerve- 
fibres  with  an  intensity  which  varies  with  its  wave-length.' 
That  which  possesses  the  greatest  length  of  wave  excites  most 
powerfully  the  fibres  sensitive  to  red,  that  which  has  an  ave- 
rage wave-length  excites  the  nerves  sensitive  to  green,  while 
that  light  formed  of  the  shortest  wave  acts  on  the  fibres  which 
give  the  violet  sensation.  Nevertheless  we  cannot  deny,  but 
rather  should  admit  for  the  explanation  of  numerous  pheno- 
mena, that  each  colour  of  the  spectrum  excites  all  three  kinds 
of  nerve-fibres,  but  with  different  intensities.  Imagine  the 
colours  of  the  spectrum  arranged  horizontally,  going  from 
the  red,  R,  to  the  violet,  V,  as  shown  at  the  base  of  fig.  1.  The 
three  curves  will  then  represent  more  or  less  exactly  the  de- 
grees of  irritability  of  the  three  kinds  of  nerve-fibres  (1,  the 
red  ;  2,  the  green  :  ?>,  the  violet)  for  the  various  colours  of  the 
spr-ctrum. 
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''  Pure  red  excites  strongly  the  fibres  sensitive  to  red,  and 
feebly  the  t^vo  other  kinds  of  filM'cs  ;  sensation,  red. 

Fi-.  1. 


*'  Pure  yelloic  excites  moderately  the  fibres  sensitive  to  red 
and  to  green,  feebly  those  fibres  sensitive  to  violet ;  sensation, 
yellow. 

"  Pure  green  excites  strongly  the  fibres  sensitive  to  green, 
feebly  those  sensitive  to  red  and  to  violet ;  sensation,  green. 

"  Pure  blue  excites  in  a  moderate  degree  those  fibres  sensi- 
tive to  green  and  to  violet,  feebly  those  sensitive  to  red  ;  sen- 
sation, blue. 

"  Pure  violet  excites  strongly  those  fibres  specially  destined 
to  receiA-e  this  sensation,  and  the  other  fibres  are  feebly  affected 
by  this  light ;  sensation,  violet. 

"  The  nearly  equal  excitation  of  all  of  the  fibres  will  give 
the  sensation  of  white,  or  of  whitish  colours. 

" The  choice  of  the  three  fundamental  colours  is  to 

some  extent  arbitrary.  We  can  choose  at  will  any  three  colours 
whose  mixture  produces  white.  Young  no  doubt  was  guided  by 
the  consideration  that  the  extreme  colours  of  the  spectrum  occujned 
the  privileged  positions*.  Ifwedonot  choose  these  colours, 
we  must  take  for  one  of  the  colours  a  purple  tint,  and  the  curve 
which  responds  to  it  in  the  figure  will  have  two  maxima — one 
in  the  red,  the  other  in  the  violet.  The  hypothesis,  without 
being  an  impossible  one,  will  be  more  complicated.  As  far  as 
I  know  of,  there  exists  no  means  of  determining  directly  the 
fundamental  colours  but  the  examination  of  persons  affected 
with  colour-blindness.  We  will  subsequently  see  how  far  that 
examination  confirms  the  hypothesis  of  Young,  at  least  so  far 
as  the  red  is  concerned. 

" ....  In  general,  then,  light  which  consists  of  undulations 
of  different  wave-lengths  produces  different  impressions  upon 

*  The  writer  has  italicized  the  above  for  the  piDpose  of  a  future  refer- 
ence to  it. 
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our  eye,  namely  those  of  different  colours.  But  the  number  of 
hues  which  we  can  recognize  is  much  smaller  than  that  of  the 
various  possible  combinations  of  rays  Avith  different  wave- 
lengths which  extei-nal  objects  can  convey  to  our  eyes.  The 
retina  cannot  distinguish  between  the  white  which  is  produced 
by  the  union  of  scarlet  and  bluish-green  light,  and  that  which 
is  composed  of  yellowish  green  and  violet,  or  of  yellow  and 
ultramarine-blue,  or  of  red,  green,  and  violet,  or  of  all  the 
colours  of  the  spectrum  united.  All  these  combinations  appear 
identically  as  white;  and  yet  from  a  physical  point  ofviewihej 
are  very  different.  In  fact  the  only  resemblance  between  the 
several  combinations  just  mentioned  is,  that  they  are  indistin- 
guishable to  the  human  eye.  For  instance,  a  surface  illumi- 
nated with  red  and  bluish-green  light  would  come  out  black  in 
a  photograph  ;  while  another  lighted  with  yellowish  green  and 
violet  would  appear  very  bright,  although  both  surfaces  alike 
seem  to  the  eye  to  be  simply  white. 

" Other  colours  also,  especially  when  they  are  not 

strongly  pronounced,  may,  like  pure  white  light,  be  composed 
of  very  different  mixtures,  and  yet  appear  indistinguishable  to 
the  eye,  while  in  every  other  property,  physical  or  chemical, 
they  are  entirely  distinct. 

" The  theory  of  colours,  with  all  these  marvellous  and 

complicated  relations,  was  a  riddle  which  Goethe  in  vain 
attempted  to  solve ;  nor  were  we  physicists  and  physiologists 
more  successful.  I  include  myself  in  the  number  ;  for  I  long 
toiled  at  the  task  without  getting  any  nearer  my  object,  until 
I  at  last  discovered  that  a  wonderfully  simple  solution  had  been 
discovered  at  the  beginning  of  this  century,  and  had  been  in 
print  ever  since  for  any  one  to  read  who  chose.  This  solution 
was  found  and  published  by  the  same  Thomas  Young  who  first 
showed  the  right  method  of  arriving  at  the  interpretation  of 
Egyptian  hieroglyphics.  He  was  one  of  the  most  acute  men 
who  ever  lived,  but  had  the  misfortune  to  be  too  far  in  advance 
of  his  contemporaries.  They  looked  on  him  with  astonishment, 
but  could  not  follow  his  bold  speculations ;  and  thus  a  mass  of 
his  most  important  thoughts  remained  buried  and  forgotten  in 
'  The  Transactions  of  the  Royal  Society,'  until  a  later  genera- 
tion by  slow  degrees  arrived  at  the  rediscovery  of  his  disco- 
veries, and  came  to  appreciate  the  force  of  his  argument  and 
the  accuracy  of  his  conclusions." 

The  first  publication  by  Young  of  his  theory  of  colour  ap- 
peared in  a  Bakerian  Lecture,  entitled  "  On  the  Theory  of 
Light  and  Colours,"  which  Young  read  before  the  Royal 
Society  on  November  12,  1801.  In  the  opening  part  of  this 
lecture  he  says  ; — "  A  more  extensive  examination  of  Newton's 
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various  writings  has  shown  nio  that  he  was  in  reality  the  first 
Avho  suggostocT  such  u  theory  [the  }in</ulat07'i/  theory  of  ll(jhf~\, 
as  I  shall  endeavour  to  maintain;  that  his  own  o})inions  varied 
less  from  this  theory  than  is  now  almost  universally  supposed ; 
and  that  a  variety  of  arguments  have  been  advanced,  as  if  to 
confute  him,  which  may  be  found  in  a  similar  form  in  his  own 
works  ;  and  this  by  no  less  a  mathematician  than  Leonard 
Euler,  whose  systeni  of  light,  as  far  as  it  is  worthy  of  notice, 
either  was,  or  might  havebeen,  wholly  borrowed  from  Newton, 
Hooke,  Huyghens,  and  Malebranche. 

''  Those  who  are  attached,  as  they  may  he  with  the  greatest 
justice,  to  every  doctrine  which  is  stamped  with  the  Newtonian 
approbation,  Avill  probably  be  disposed  to  bestow  on  these  con- 
siderations so  much  the  more  of  their  attention  as  they  shall 
appear  to  coincide  more  nearly  with  Newton's  opinion.  For 
this  reason,  after  having  briefly  stated  each  particular  position 
of  my  theory,  I  shall  collect  from  Newton's  various  writings 
such  passages  as  seem  to  be  the  most  favourable  to  its  admis- 
sion ;  and  although  I  shall  quote  some  pa])ers  Avhich  may  be 
thought  to  have  been  partly  retracted  at  the  publication  of  the 
Optics,  yet  I  shall  borrow  nothing  from  them  that  can  be  sup- 
posed to  militate  against  his  maturer  judgment." 

The  fact  that  Young,  ihe  founder  of  the  undulatory  theory 
of  light,  in  this  Bakerian  Lecture,  in  which  it  has  been  said 
that  he  laid  the  foundations  of  that  doctrine,  should  set  forth 
his  views  in  a  series  of  postulates  followed  by  citations  from 
the  waitings  of  Newton  to'  give  them  weight  and  proof,  may 
justly  surprise  those  who  have  trusted  to  the  second-hand  in- 
formation derived  from  carelessly  compiled  text-books  and 
from  hastily  prepared  popular  lectures.  But  then  where 
would  be  the  pugilistic  charm  of  the  popular  lecturer  on  the 
undulatory  theory  of  light  if  Newton,  his  champion,  the  vio- 
lent defender  of  the  emanation  cause,  should  decline  to  enter 
as  a  contestant? 

Under  the  heading  of  Hypothesis  III.  of  this  paper  we  first 
meet  Young's  theory  of  colour-sensation. 

"  Hypothesis  IIL  lite  Sensation  of  different  Colours  depends 
on  the  diff'erent  frequency  of  Vibrations,  excited  by  Light  in  the 
Retina. 

Passages  from  Neicton. 

"  The  objector's  h}^othesis,  as  to  the  fundamental  part  of 
it,  is  not  against  me.  That  fundamental  supposition  is,  that 
the  parts  of  bodies,  when  briskly  agitated,  do  excite  vibrations 
in  the  ether,  which  are  propagated  every  way  from  those 
bodies  in  straight  lines,  and  cause  a  sensation  of  light,  by  beat- 
ing and  dashing  against  the  bottom  of  the  eye,  something  after 
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the  manner  that  vibrations  in  the  air  cause  a  sensation  of 
sound,  by  beating  against  the  organs  of  hearing.  Now  the 
most  free  and  natural  a])pHeation  of  this  hypothesis  to  the  solu- 
tion of  phenomena  I  take  to  be  this  :  that  the  agitated  parts 
of  bodies,  according  to  their  several  sizes,  figures,  and  motions, 
do  excite  vibrations  in  the  ether  of  various  depths  or  bignesses, 
which  being  promiscuously  propagated  through  that  medium 
to  our  eyes,  elfect  in  us  a  sensation  of  light  of  a  white  colour  ; 
but  if  by  any  means  those  of  unequal  bigness  be  separated 
from  one  another,  the  largest  beget  a  sensation  of  a  red  colour, 
the  least  or  shortest  of  a  deep  violet,  and  the  intermediate  ones 
of  intermediate  colours  ;  much  after  the  manner  that  bodies, 
according  to  their  several  sizes,  shapes,  and  motions,  excite 
vibrations  in  the  air,  of  various  bignesses,  which,  according  to 
those  bignesses,  make  several  tones  in  a  sOund  ;  that  the  largest 
vibrations  are  best  able  to  overcome  the  resistance  of  a  refract- 
ing superficies,  and  so  break  through  it  with  least  refraction ; 
whence  the  vibrations  of  several  bignesses  (that  is,  the  rays  of 
several  colours  Avhich  are  blended  together  in  light)  must  be 
parted  from  one  another  by  refraction,  and  so  cause  the  phe- 
nomena of  prisms  and  other  refracting  substances ;  and  that 
it  depends  upon  the  thickness  of  a  thin  transparent  plate  or 
bubble  whether  a  vibration  shall  be  reflected  at  its  further 
superficies  or  transmitted ;  so  that,  according  to  the  number  of 
vibrations  interceding  the  two  superficies,  they  may  be  reflected 
or  transmitted  for  many  thicknesses.  And  since  the  vibra- 
tions which  make  blue  and  violet  are  supposed  shorter  than 
those  which  make  red  and  yellow,  they  must  be  reflected  at  a 
less  thickness  of  the  plate  ;  which  is  sutficient  to  explicate  all 
the  ordinary  phenomena  of  those  plates  or  bubbles,  and  also  of 
all  natural  bodies  whose  parts  are  like  so  many  fragments  of 
such  plates.  These  seem  to  be  most  plain,  genuine,  and  neces- 
sary conditions  of  this  hypothesis.  And  they  agree  so  justly 
wdth  my  theory,  that  if  the  animadversor  think  fit  to  apply 
them,  he  need  not,  on  that  account,  apprehend  a  divorce  from 
it.  But  yet,  how  he  will  defend  it  from  other  diificulties,  I 
know  not."  (Phil.  Trans,  vol.  vii.  p.  5088  ;  Abr.  I.  145, 
November  1672.) 

"  To  explain  colours,  I  suppose  that  as  bodies  of  various 
sizes,  densities,  or  sensations  do,  by  percussion  or  other  action, 
excite  sounds  of  various  tones,  and  consequently  vibrations  on 
the  air  of  different  bigness,  so  the  rays  of  light,  by  impinging 
on  the  stiff  refracting  superficies,  excite  vibrations  in  the  ether 
— of  various  bigness  ;  the  biggest,  strongest,  or  most  potent 
rays  the  largest  vibrations  ;  and  others  shorter,  according  to 
their  bigness,  strength,  or  power ;  and  therefore  the  ends  of 
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the  o;ipillaincut;i  of  the  optic  norvo,  which  pave  or  face  the 
retina,  bcin<r  such  ret'ractin<^  suporticios,  when  the  rays  impinge 
upon  them,  they  nuist  there  excite  these  vibrations,  which 
vibrations  (like  those  of  sound  in  a  trunk  or  trumpet)  will  run 
along  the  aqueous  pores  or  crystalline  })ith  of  the  capillamenta, 
through  the  optic  nerve  into  the  sensorium  ;  and  there,  I  sup- 
pose, atiect  the  sense  with  various  colours,  according  to  their 
bigness  and  mixture  ;  the  biggt^st  with  the  strongest  colours, 
retis  and  yellows  ;  the  least  with  the  weakest,  blues  and  violets ; 
the  middle  with  green ;  and  a  confusion  of  all  with  white, 
much  after  the  manner  that,  in  the  sense  of  hearing,  nature 
makes  use  of  aerial  vibrations  of  several  bignesses,  to  generate 
sounds  of"  divers  tones  ;  for  the  analogy  of  nature  is  to  be  ob- 
served."    (Birch,  vol.  iii.  p.  262,  December  1675.) 

"  Considering  the  lastingness  of  the  motions  excited  in  the 
bottom  of  the  eye  by  light,  are  they  not  of  a  vibrating  nature  ? 
Do  not  the  most  refrangible  rays  excite  the  shortest  vibrations, 
— the  least  refrangible  the  largest?  May  not  the  harmony  anil 
discord  of  colours  arise  from  the  proportions  of  the  vibrations 
propagated  through  the  fibres  of  the  optic  nerve  into  the  brain, 
as  the  harmony  and  discord  of  sound  arise  from  the  propor- 
tions of  the  vibrations  of  the  air?"  (Optics,  Qu.  16,  13,  14.) 

After  these  quotations  from  Newton,  Young  brings  out  his 
hypothesis  of  colour-sensations  under  the  following 

"  Scholluin.  Since,  for  the  reason  here  assigned  by  Newton, 
it  is  probable  that  the  motion  of  the  retina  is  rather  of  a  vibra- 
tory than  of  an  undulatory  nature,  the  frequency  of  the  vibra- 
tions must  be  dependent  on  the  constitution  of  this  substance. 
Now,  as  it  is  almost  impossible  to  conceive  each  sensitive  point 
of  the  retina  to  contain  an  infinite  number  of  particles,  each 
capable  of  vibrating  in  perfect  unison  Avith  every  possible  un- 
dulation, it  becomes  necessary  to  suppose  the  number  limited ; 
for  instance,  to  the  three  2?rincipal  colours,  red,  yelloic,  and  blue, 
of  which  the  undulations  are  related  in  magnitude  nearly  as 
the  numbers  8,  7,  and  6  ;  and  that  each  of  the  particles  is 
capable  of  being  put  in  motion,  less  or  more  forcibly,  by  undu- 
lations differing  less  or  more  from  a  perfect  unison  ;  for  in- 
stance, the  undulations  of  green  light,  being  nearly  in  the  ratio 
of  6^,  will  affect  equally  the  particles  in  unison  with  yellow 
and  blue,  and  produce  the  same  effect  as  a  light  composed  of 
those  two  species ;  and  each  sensitive  filament  of  the  nerv'e 
may  consist  of  three  portions,  one  for  each  principal  colour." 

An  attentive  perusal  of  the  above  quotation  will  show  that 
Young's  hypothesis  imagines  each  sensitive  point  of  the  retina 
to  contain  particles  capable  of  vibrating  in  perfect  unison  to 
those  vibrations  causing  three  principal  colours  (red,  vellow, 
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and  blue,  in  this  the  first  publication  of  his  hypothesis),  "  and 
that  each  of  the  particles  is  capable  of  being  put  in  motion,  less 
or  more  forcibly,  by  undulations  differing  less  or  more  from  a 
perfect  unison."  This  would  suj^pose  such  a  triple  molecular 
constitution  of  each  nerve-fibril  as  to  cause  the  three  species  of 
its  constituent  molecules  (or  the  atoms  forming  the  molecules) 
to  be  in  tune  with  the  three  rates  of  vibration  corresponding 
respectively  to  the  undulations  of  the  aether  causing  red,  yel- 
low, and  blue.  He  afterwards  says,  "  and  each  sensitive  fila- 
ment of  the  nerve  may  consist  of  three  portions,  one  for  each 
principal  colour,"  We  have  here  a  conception  of  the  7node  of 
action  of  an  getherial  vibration  on  the  retinal  nerve-fibril  which 
has  not  been  described  by  those  who  have  given  accounts  of 
Young's  theory  of  colour-sensation.  Before  reading  the  cele- 
bi'ated  Bakerian  Lecture,  the  only  knowledge  I  had  directly 
obtained  of  Young's  theory  was  from  the  reading  of  the  account 
of  it  as  published  in  vol.  i.  page  439  of  his  '  Lectures  on  Na- 
tural Philosophy  and  the  Mechanical  Ai'ts/  London,  1807. 
This  account,  however,  contains  no  mention  of  the  physiolo- 
gical part  of  his  theory;  and  last  May  I  published  in  the  Phi- 
losophical Magazine  my  paper  No.  6  of  "  Researches  in  Acous- 
tics," iuAvhich  (p.  363)  I  expressed  similar  views  to  those  just 
quoted  from  Young,  as  follows  : — 

"  For,  has  modern  histology  given  us  any  facts  concerning 
the  structure  of  the  human  retina  w^hich  point  to  the  establish- 
ment of  Young's  hypothesis  of  three  distinct  sets  of  retinal 
nerve  terminations  ?  The  more  we  study  the  minute  structure 
of  the  retinal  rods  and  cones,  the  fui'ther  appears  to  remove  an 
understanding  of  the  mode  of  operation  of  the  sensory  appa- 
ratus of  the  eye.  May  not  research  in  this  direction  be  guided 
by  the  hypothesis  that  the  molecular  constitution  of  the  retinal 
rods  and  cones  is  such  that  their  naolecules  are  severally  tuned 
to  the  vibrations  corresponding  to  the  colours  red,  green,  and 
violet?  This  would  lead  us  to  look  for  effects  of  actinism  on 
the  retina  as  showing  the  link  existing  between  the  transmit- 
ting and  sensory  functions  of  the  eye.  Do  not  the  facts  of  the 
known  persistence  of  chemical  action,  after  it  has  been  once 
initiated,  and  the  time  which  would  be  required  for  the  retinal 
molecules  to  recombine  or  rearrange  themselves  after  the  sethe- 
rial  vibrations  had  ceased,  comport  with  the  known  durations 
of  the  residual  visual  sensations,  and  with  the  main  facts  of 
physiological  optics,  better  than  the  hypothesis  that  masses  of 
the  retinal  elements  are  set  in  vibration  rather  than  their  mo- 
lecules?" 

It  requires  no  argument,  it  is  evident,  that  the  statements 
made  by  Young  in  the  foregoing  paper,  concerning  his  colour 


Discovery  of  his  Theory  of  Colours.  119 

hypothesis,  were  entirely  hypothetical,  not  having  been  based 
on  any  observation  or  experiment  either  of  his  own  or  of  others. 

The  next  publication  by  Young  on  his  theory  of  colour  takes 
place  in  the  following  year,  and  is  contained  in  the  following 
short  paragraph,  incidentally  written  toward  the  conclusion  of 
a  paper  read  by  him  before  the  lloyal  Society  on  July  1,  1802, 
and  entitled  '^  An  account  of  some  cases  of  the  production  of 
colours,  not  hitherto  described." 

*'  In  consequence  of  Dr.  Wollaston's  correction  of  the  de- 
scription of  the  prismatic  spectrum,  compared  with  these  obser- 
vations, it  becomes  necessary  to  modify  the  su])position  that  I 
advanced  in  the  last  Bakerian  Lecture,  respecting  the  propor- 
tions of  the  sympathetic  fibres  of  the  retina  ;  substituting  red, 
green,  and  violet  for  red,  yellow,  and  blue,  and  the  numbers  7, 
G,  and  5  for  8,  7,  and  G." 

It  thus  appears  that  Young  changed  his  three  elementary 
colour-sensations  from  red,  yellow,  and  blue  to  7'ed,  green,  and 
violet,  "  in  consequence  of  Dr.  Wollaston's  correction  of  the 
description  of  the  prismatic  spectrum."  In  order  to  under- 
stand fully  the  ground  for  this  modification  of  his  hypothesis, 
one  will  be  obliged  to  read  the  following  abstract  from  Dr. 
Wollaston's  paper,  published  in  the  '  Transactions  of  the  Royal 
Society '  for  1802  ;  and  we  are  pleased  to  detain  the  reader 
with  this  paper,  because  it  contains  the  first  publication  of  the 
observation  of  those  dark  lines  to  which  modern  spectroscopic 
research  has  given  such  important  and  prominent  significance. 

"  I  cannot  conclude  these  observations  on  dispersion  without 
remarking  that  the  colours  into  which  a  beam  of  white  light 
is  separable  by  refraction,  appear  to  me  to  be  neither  7,  as  they 
usually  are  seen  in  the  rainbow,  nor  reducible  by  any  means 
(that  I  can  find)  to  3,  as  some  persons  have  conceived  ;  but 
that,  by  employing  a  very  narrow  pencil  of  light,  four  j^rimary 
divisions  of  the  prismatic  spectrum  may  be  seen,  with  a  degree 
of  distinctness  that,  I  believe,  has  not  been  described  nor  ob- 
served before. 

"  If  a  beam  of  daylight  be  admitted  into  a  dark  room  by  a 
crevice  -^q  of  an  inch  broad,  and  received  by  the  eye  at  the 
distance  of  10  to  12  feet  through  a  prism  of  flint  glass,  free 
from  veins,  held  near  the  eye,  the  beam  is  seen  to  be  separated 
into  the  four  following  colours  only,  red,  yellowish  green,  blue, 
and  ^-iolet,  in  the  proportions  represented  in  fig.  2. 

"  The  line  A  that  boimds  the  red  side  of  the  spectrum  is 
somewhat  confused,  which  seems  in  part  owing  to  want  of 
power  in  the  eye  to  converge  red  light.  The  line  B,  between 
red  and  green,  in  a  certain  position  of  the  prism,  is  perfectly 
distinct ;  so  also  are  D  and  E,  the  two  limits  of  violet.     But 
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C,  the  limit  of  green  and  blue,  is  not  so  clearly  marked  as  the 
rest ;  and  there  are  also,  on  each  side  of  this  limit,  other  distinct 
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dark  lines,  /  and  g,  either  of  which,  in  an  imperfect  experiment, 
might  be  mistaken  for  the  boundary  of  these  colours. 

"  The  position  of  the  prism  in  which  the  colours  are  most 
clearly  divided  is  when  the  incident  light  makes  about  equal 
angles  Avith  two  of  its  sides.  I  then  found  that  the  spaces  AB, 
B  C,  CD,  D  E,  occupied  by  them,  were  nearly  as  the  numbers 
16,  23,  36,  25." 

In  the  light  of  the  subsequent  careful  examinations  of  the 
spectrum  made  in  1814-15  by  the  celebrated  optician  Fraun- 
hofer  of  Munich,  we  can  ascertain  what  WoUaston  really  saw. 
AVollaston,  in  short,  only  observed  imperfectly  the  dark  lines  of 
the  spectrum,  now  known  as  Fraunhofer's  lines  ;  but  he  ima- 
gined he  saw  a  spectrum  so  pure  (that  is,  formed  by  such  a 
degree  of  dispersion)  that  it  became  di\dded  into  four  distinct 
and  separated  "primary  divisions."  He  at  once  inferred, and 
erroneously,  that  Newton's  analysis  of  the  sun's  light  was 
false — that  no  orange  or  yellow  exists  in  the  spectrum,  but  be- 
tween the  red  and  the  blue  there  exists  only  a  "  yellowish 
green."  Further  on  we  shall  see  how  Young  made  a  similar 
but  even  greater  error  in  his  description  of  this  observation.  I 
imagine  that  when  Wollaston's  sharp  eye  caught  the  glimpse  of 
the  divided  spectrum,  he  naturally  thought  he  saw  in  those 
divisions  uniform  colours.  It  was  a  natural  mistake,  and  only 
too  readily  made,  by  reason  of  his  mind  imagining  that  the 
dark  lines  Avere  the  dividing  lines  of  the  pure  simple  colours  of 
the  solar  spectrum. 

In  the  figure  illustrating  Wollaston's  observation,  I  have 
placed  alongside  of  his  lines  A,  B,/,  g,  D,  and  E  the  corre- 
sponding Fraunhofer  letters  B,  D,  h,  F,  G,  H,  thus  giving 
the  reader  a  clear  idea  of  what  Wollaston  really  saw.  Wollas- 
ton's line  "  B,  between  the  red  and  the  green,"  and  which  he 
says  "  in  a  certain  position  of  the  prism  is  perfectly  distinct," 
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wo  at  onco  rocognizo  as  tbo  dark  solar  lino  U,  occupyiiio-  a 
position  botwocn  tho  orango  and  yellow,  and  well  known  to  he 
causo  I  by  tbo  reversal  of  tbo  brigbt  yellow  ligbt  of  sodium 
vapour.  No  one,  bowover,  could  now  say,  after  an  exami- 
nation of  tbe  spectrum  as  observed  by  Wollaston,  that  tbo 
line  D  divides  tbo  roil  from  tbo  green.  AVollaston  also  calls 
bis  1)  and  E  lines  (tbo  G  and  H  lines  of  Fraunbofer)  "  tbo 
two  limits  of  tbo  violet  ;"  we  now  know  tbat  G  is  really  on  tbe 
indigo,  and  tbat  H  is  witbin  tlu^  limits  of  tlu^  violet. 

For  a  more  satisfactory  comparison  of  tbo  coloui-s  of  tbe 
solar  spectrum  as  observed  by  Wollaston  and  Fraunbofer,  I 
give  below  the  following  Table.  Fraunbofor's  results  are 
taken  from  bis  coloured  figure  of  the  spectrum.  Both  spectra 
are  from  flint  glass,  and  thoir  lengths  are  suppo--od  divided 
into  3t)U  equal  parts. 


Fraunhofer. 

Wollaston. 

Red  . 

.      .      50 

57-6 

Red. 

Orange 

.     .     27 

Yellow   • 

.     .     27 

Green   . 

.     .     46 

82-8 

Yellowish  green 

Blue      . 

.     .     48 

i29-(; 

Blue. 

Indigo  . 

.     .     47 

Violet  . 

.     .  109 

90 

Violet. 

360 

360 

Fraunhofer's  observations  are  irreproachable,  and  arc  to  this 
day  in  high  esteem  for  their  accuracy.  They  were  made  by 
placing  the  prism  in  front  of  a  telescope  mounted  on  a  divided 
horizontal  circle,  and  viewing  a  distant  slit  through  the  prism 
and  telescope.  He  observed  spectra  as  pure  as  those  given  by 
modern  spectroscopes  of  low  power.  Fraunbofer  discerns 
orange  and  yellow  and  green  where  Wollaston  only  sees  yel- 
lowish green.  Also  Wollaston  did  not  seo  all  of  the  violet,  as 
we  might  suspect  from  bis  having  boumled  its  upper  limits  by 
the  line  H.  Fraunbofer  saw  109  parts  of  violet,  Wollaston 
only  90. 

The  above  discussion,  I  think,  has  clearly  shown  tbat  Wol- 
laston made  a  false  interpretation  of  his  obser\ation  in  suppo- 
sing tbat  be  had  discovered  a  pure  spectrum  naturally  divided 
by  dark  lines  into  four  simple  colours,  and  that  he  also  erred 
in  the  relative  proportions  which  bo  gave  to  them.  Also  I 
have  shown  tbat  Young,  in  finally  selecting  red,  green,  and 
violet  as  the  three  elementary  colour-sensations,  was  not,  as 
Helmholtz  states,  guided  in  their  choice  "  by  the  consideration 
tbat  the  extreme  colours  of  tbe  spectrum  occupied  the  privi- 
leged positions,"  but  selected  those  colours  on  hearing  of  Wol- 
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laston's  supposed  complete  analysis  of  the  sun's  light  into  red, 
greenish  blue,  and  violet  colours  separated  from  each  other  in 
the  spectrum  by  dark  spaces. 

We  hoar  no  more  from  Young  about  his  theory  of  colours 
until  1(S()7,  when  he  published  the  first  volume  of  his  celebrated 
work,  'A  Course  of  Lectures  on  Natural  Philosophy  and  the 
Mechanical  Arts  '  *.  On  page  439  et  seq.  of  this  work  Young- 
gives  a  concise  statement  of  his  views  on  the  analysis  of  the 
sensations  of  colour,  and  supports  those  views  with  conclusive 
experiments  with  rotating  coloured  disks  ;  but,  strange  to  say, 
he  omits  from  this  account  of  his  theory  all  mention  of  the 
physiological  explanation  of  it  which  ho  gave  in  the  Bakerian 
Lecture  of  1801.  The  following  extracts  from  the  '  Natural 
Philosophy '  give  all  that  it  contains  on  the  theory  of  colours. 
The  italics  are  our  own. 

"  It  has  generally  been  supposed,  since  the  time  of  Newton, 
that  when  the  rays  of  light  are  separated  as  completely  as  pos- 
sible by  means  of  refraction,  they  exhibit  seven  varieties  of 
colour  related  to  each  other  with  respect  to  the  extent  that 
they  occupy  in  ratios  nearly  analogous  to  those  of  the  ascend- 
ing scale  of  the  minor  mode  in  music.  The  observations  were, 
however,  imperfect,  and  the  analogy  was  w^holly  imaginary. 
Dr.  Wollaston  has  determined  the  division  of  the  coloured 
image  or  spectrum  in  a  much  more  accurate  manner  than  had 
been  done  before.  By  looking  through  a  prism  at  a  narrow  line 
of  light,  he  produces  a  more  effectual  separation  of  the  colours 
than  can  be  obtained  by  the  common  method  of  throwing  the 
sun's  image  on  a  wall.  The  spectrum  formed  in  this  manner 
consists  of  four  colours  only,  red,  green,  hlne  and  violet,  which  oc- 
cupy spaces  in  the  proportion  of  16,  23,  36,  and  25  respec- 
tively, making  together  100  for  the  w^hole  length,  the  red  being 
nearly  one  sixth,  the  green  and  the  violet  each  about  one  fourth, 
and  the  blue  more  than  one  third  of  the  length.  The  colonrs 
differ  scarcely  at  all  in  qucdity  ivitliin  their  O'cspective  limits;  hnt 
they  vary  in  brightness,  the  greatest  intensity  of  light  being  in 
that  part  of  the  green  w^hich  is  nearest  the  red.  A  narrow  line 
of  yellow  is  generally  visible  at  the  limit  of  the  red  and  green; 
but  its  breadth  scarcely  exceeds  that  of  the  aperture  by  which 
the  light  is  admitted,  and  Dr.  Wollaston  cdtributes  it  to  the 
mixture  of  the  red  xcith  the  green  light.     There  are  also  several 

*  ^'  We  have  heard  it  remarked,"  says  Dean  Peacock  in  his '  Life  of 
Young,  "  that  no  writer,  on  any  branch  of  science  which  the  lectures  treat 
of,  can  safely  neglect  to  consult  them,  so  rich  is  the  mine  of  knowledge 
which  they  contain ;  and  it  is  a  well-known  fact  that  many  important 
propositions  and  discoveries  have  been  more  or  less  clearly  indicated  in 
them,  which  have  only  been  recognized  or  pointed  out  when  other  philo- 
sophers discovered  them  independently,  or  announced  them  as  their  own." 
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(lark  lines  crossing  tho  spectrum  within  tlie  blue  portion  and 
in  its  neigbbourliood,  in  Avliich  the  continuity  of  tho  light 
seems  to  bo  interrui)tcd.  This  distribution  of  the  spectrum 
Dr.  "Wollaston  has  found  to  be  tho  same,  whatever  refracting 
substance  may  have  been  employed  for  its  formation  ;  and  ho 
attributes  the  ditierenco  which  has  sometimes  been  observed  in 
tho  proportions  to  accidental  variations 
of  the  obliquity  of  tho  rays.  Th(>  an- 
gular extent  of  the  spectrum  formed  by 
a  prism  of  cro^Aai  glass  is  ^V  ^^  ^^'^ 
deviation  of  tho  red  ravs,  bv  a  prism 
of  flint  glass  A  "(fig.  3)      ' 
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Fig.  3.  "  The  spectrum  produced  l)y 
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looking  through  a  prism  at  a  narrow 
lino  of  light. 

"  In  light  produced  by  tho  combus- 
tion of  terrestrial  substances  tho  spec- 
trum is  still  more  interrupted ;  thus 
the  bluish  light  of  tho  lower  part  of 
tho  flame  of  a  candle  is  separated  by 
refraction  into  five  parcels  of  various  colours  ;  tho  light  of 
burning  spirits,  which  appears  perfectly  blue,  is  chiefly  com- 
posed of  green  and  violet  rays  ;  and  tho  light  of  a  candlo 
into  which  salt  is  thrown  abounds  with  a  ^>?r>'d 
yellow  incl'ming  to  green,  but  not  separable  by  re- 
fraction. The  electric  spark  furnishes  also  a  light 
which  is  differently  divided  in  different  circum- 
stances. 

"  If  the  breadth  of  the  aperture  vievy^ed  through 
a  prism  is  somewhat  increased,  the  space  occupied 
by  each  variety  of  light  in  the  spectrum  is  aug- 
mented in  tho  same  proportion,  and  each  portion 
encroaches  on  the  neighbouring  colours  and  is 
mixed  with  them ;  so  that  the  red  is  succeeded  by 
orange,  yellow,  and  yellowish  green,  and  the  blue 
is  mixed  on  the  one  side  with  the  green,  and  on  the 
other  with  tho  violet ;  and  it  is  in  this  state  that  the 
prismatic  spectrum  is  commonly  exhibited. 

Fig.  4.  "  The  appearance  of  a  circular  aperture,  moderately 
large,  viewed  through  a  prism. 


"  Sir  Isaac  Newton  observed  that  tho  effect  of  white  light 

*  Figures  8  aud  4  arc  copied  of  the  exact  size  of  tbo3o  given  by 
Youug  in  tlie  plates  appended  to  his  '  Natural  Pliilosopby.'  The  descrip- 
tions of  the  figures  are  those  given  by  Young.  The  colours  in  Young's 
figures  we  have  indicated  in  type.    There  are  six  other  figures  illustrating 
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on  tho  son:^o  of  siglit  might  be  imitated  by  u  mixture  of  colours 
taken  from  different  ])arts  of  the  spectrum,  notwithstanding 
the  omission  of  some  of  tlie  rays  naturally  belonging  to  white 
light.  Thus  if  we  intercept  one  half  of  each  of  the  four  prin- 
cipal portions  into  which  the  spectrum  is  divided,  the  remaining 
halves  will  still  preserve,  when  mixed  together,  the  appear- 
ance of  whiteness ;  so  that  it  is  probable  that  the  different 
parts  of  those  portions  of  the  spectrum  which  appear  of  one 
colour  have  precisely  the  same  effect  on  the  eye.  It  is  certain 
that  the  perfect  sensations  of  yellow  and  of  blue  are  produced 
respectively  by  mixtures  of  red  and  green  and  of  green  and 
violet  light ;  and  there  is  reason  to  suspect  that  those  sensations 
are  always  compounded  of  the  separate  sensations  combined  ;  at 
least  this  supposition  simplifies  the  theory  of  colours  ;  it  may 
therefore  be  a(lo])tcd  with  advantage  until  it  be  found  incon- 
sistent with  any  of  the  phenomena  ;  and  we  may  consider  white 
light  as  composed  of  a  mixture  of  red,  green,  and  violet  only,  in 
the  proportion  of  about  two  parts  red,  four  green,  and  one 
violet,  with  respect  to  the  quantity  or  intensity  of  the  sensa- 
tions produced. 

"  If  we  mix  together  in  proper  proportions  any  substances 
exhibiting  these  colours  in  their  greatest  purity  and  place  the 
mixture  in  a  light  sufficiently  strong,  Ave  obtain  the  appearance 
of  perfect  whiteness  ;  but  in  a  fainter  light  the  mixture  is  grey, 
or  of  that  hue  which  arises  from  a  combination  of  white  and 
black,  black  bodies  being  such  as  reflect  white  light,  but  in  a 
very  scanty  proportion.  For  the  same  reason,  green  and  red 
substances  mixed  together  usually  make  rather  a  brown  than 
a  yellow  colour,  and  many  yellow  colours,  when  laid  on  very 
thickly  or  mixed  with  black,  become  brown.  The  sensations 
of  various  kinds  of  light  may  also  be  combined  in  a  still  more 
satisfactory  manner  by  painting  the  surface  of  a  circle  with 
different  colours  in  any  way  that  may  be  desired,  and  causing 
it  to  revolve  with  such  rapidity  that  the  Avhole  may  assume  the 
appearance  of  a  single  tint,  or  a  combination  of  tints  resulting 
from  the  mixture  of  the  colours. 

"  From  three  simple  sensations,  with  their  combinations,  we 
obtain  seven  primitive  distinctions  of  colours  ;  but  the  different 
proportions  in  which  they  may  be  combined  afford  a  variety  of 
tints  beyond  all  calculation.  The  three  simple  sensations  being 
red,  green,  and  violet,  the  three  binary  combinations  are 
yellow,  consisting  of  red  and  green ;  crimson,  of  red  and 
violet ;  and  blue,  of  green  and  violet ;  and  the  seventh  in  order 
is  white  light  composed  of  all  three  united.     But  the  blue  thus 

Young's  account ;  but  we  liave  found  it  impossible  to  convey  in  2J>'int  clear 
ideas  of  their  tints. 


I 


Dhcovery  of  Ids  Tluory  of  Colours.  \-Ib 

produced  hy  cciiibiiiiiin-  <ht>  ^vliolo  of  the  giccn  mid  violet 
rays  is  not  the  blue  ot  ilie  s])ectriini ;  for  four  j)arts  of  green 
and  one  of  violet  make  a  blue  diii'ering  very  liitle  IVoju  green; 
■\vliile  the  blue  of  the  speetruni  ajij.ears  to  eontain  as  mueh  violet 
as  green  ;  and  it  is  for  this  reason  ihat  red  and  blue  usually 
make  a  purple^  deriving  its  liue  i'rom  the  i)redominance  of 
violet. 

"  It  Avould  be  possible  to  exhibit  at  once  to  the  eye  tlie  com- 
binations of  any  three  colours  in  all  imaginable  varieties.  Tavo 
of  them  might  be  laid  doAvn  on  a  revolving  surface  in  tlie  foiin 
of  triangles  placed  in  opposite  directions,  and  the  ihird  on 
projections  perpendicular  to  the  surface,  which,  while  the  eye 
remained  at  rest  in  any  one  point  obliquely  situated,  "would 
exhibit  more  or  less  of  their  painted  sides  as  they  passed 
through  their  different  angular  positions  :  and  the  only  further 
alteration  that  could  be  produced  in  any  of  the  tints  would  be 
derived  from  the  different  degrees  of  light  only.  The  same 
effect  may  also  be  exhibited  by  mixing  the  colours  in  different 
proportions  by  means  of  the  pencil,  beginning  from  three  equi- 
distant points  as  the  centres  of  the  respective  colours." 

On  certain  portions  of  the  above  extracts,  which  I  have  ita- 
licized, I  will  venture  a  few^  observations.  In  the  first  passage 
thus  indicated,  Young  says: — "The  spectrum  formed  in  this 
manner  consists  offovr  colours  only,  red,  green,  blue,  and  violet.'''' 
Young  here  replacesWollaston's  " yellowish  green " by  " green'^'' 
and  further  on  he  adds,  "  The  colours  differ  scarcely  at  all  in 
quality  within  their  respective  limits  ;  but  they  vary  in  bright- 
ness, the  greatest  intensity  of  light  being  in  that  part  of  the 
green  which  is  nearest  to  the  red,"  thus  confirming  our  view 
that  both  Young  and  Wollaston  Avere  of  the  opinion  that,  when 
a  narrow  bright  crevice  is  observed  through  a  prism,  the 
spectrum  so  viewed  consists  of  only  four  colours,  red,  green, 
blue,  and  violet,  "  differing  scarcely  at  all  in  quality  within 
their  respective  limits  ;"  which  limits  they  supposed  naturally 
existed  in  the  dark  spaces  which,  as  they  imagined,  bounded 
these  elementary  colours.  Young,  however,  somewhat  modifies 
this  opinion  in  the  next  sentence,  when  he  says,  "  A  narrow 
line  of  yellow  is  generally  visible  at  the  limit  of  the  red  and 
green  ;  but  its  breadth  scarcely  exceeds  that  of  the  ajierture  bv 
which  the  light  is  admitted,  and  Dr.  Wollaston  attributes  it  to 
the  mixture  of  the  red  with  the  green  light."  It  would  indeed 
appear  from  the  last  portion  of  this  sentence  that  Young  ol)- 
tained  directly  from  Wollaston  one  of  the  main  facts  on  which 
his  theory  was  founded,  namely  that  yellow  can  be  reproduced 
by  the  mixture  of  red  and  green  lights.  But  Wollaston,  in 
his  paper  of  1802;  from  which  wo  have  cited,  makes  no  such 
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statemout  as  to  the  composition  of  yellow  light;  and  it  is 
theriiforo  probable  that  AVollaston  communicated  orally  this 
view  of  the  subject  to  Young.  Every  student  of  optics  now 
knows  that  the  description  already  given  of  Fraunhofer's  ob- 
servation on  the  colour  composition  of  the  sjiectrum  is  the  cor- 
rect one ;  yet  the  errors  of  observation  of  Wollaston  and  of 
Young  were  errors  which  led  to  a  great  discovery,  as  we  shall 
see  on  the  further  examination  of  the  history  of  this  beautiful 
and  comprehensive  theory  of  colour. 

Further  on  in  the  '  Natural  Philosophy '  we  read  that  "  the 
sensations  of  various  kinds  of  light  may  also  be  combined  in  a 
still  more  satisfactory  manner  by  painting  the  surface  of  a 
circle  with  different  colours,  in  any  way  that  may  be  desired, 
and  causing  it  to  revolve  with  such  rapidity  that  the  whole 
may  assume  the  appearance  of  a  single  tint,  or  of  a  combina- 
tion of  tints,  resulting  from  the  niLKture  of  the  colours."  These 
experiments  were  emleutly  first  made  by  Young,  and  are  fully 
described  in  the  text  and  perfectly  illustrated  in  the  coloured 
disks  in  the  plates  of  Young's  work.  These  experiments  ha^e 
been  carefully  repeated  by  Helmholtz,  Maxwell,  and  others  ; 
and  of  their  general  accuracy  there  is  no  doubt.  We  can  rea- 
dily imagine  the  delight  with  which  Young  must  have  ^^ewed 
these  beautiful  experiments,  which,  however,  together  with 
other  truths  unfolded  by  him,  were  destined  to  remain  unnoticed 
"  until  a  later  generation,  by  slow  degrees,  arrived  at  the  dis~ 
cove)')/  of  his  discovery." 

It  must  now  recur  to  the  reader  to  inquire  zcheii  were  made 
these  experiments  which  first  confirmed  Young's  h^-pothesis 
and  placed  it  among  the  best-established  truths  of  optical 
science,  and  why  it  was  that  Young  should  for  so  long  a  time 
have  been  satisfied  with  a  h^iDothetical  statement  of  his  views 
on  the  colour-sensations,  and  should  have  deferred  to  bring 
those  Ti-iews  to  the  test  of  experiment.  For  reasons  already 
stated,  Young,  in  July  1802,  changed  his  three  elementary 
colour-sensations,  red,  yellow,  and  blue,  to  red,  green,  and  vio- 
let. The  experiments  with  the  rotating  coloured  disks  were 
first  published  in  1807.  Young  printed  the  syllabus  of  his 
first  course  of  lectures  on  Januaiy  19,  1802,  in  a  volmne  of 
250  pages.  I  have  not  been  able  to  procure  a  copy  of  this 
syllabus  ;  but  evidently  it  does  not  contain  even  the  corrected 
statement  of  his  theory  of  colour  ;  for  that  was  based  on  Wol- 
laston's  observations,  which  appeared  subsequently  to  the 
syllabus,  on  June  24,  1802*.      It  is  therefore  endent  that, 

*  Professor  Tyndall  has  recently  informed  me  that  Young's  syllabus 
gives  red,  yellow,  and  blue  as  the  three  elementary  colour-sensations. 
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unless  Young  mado  the  oxporimcnts  witli  the  rotatintr  coloured 
di.sks  diirint!;  the  latter  part  of  his  course  of  lectures,  ho  mast 
have  made  them  during  the  interval  between  his  retirement 
from  the  professorship  at  the  lloyal  Institution  and  the  ]uibli- 
cation  of  his  lectures  on  Natural  Philosophy  in  1807.  Young 
delivered  his  first  lecture  before  the  lloyal  Institution  on  Ja- 
nuary 20,  1802,  and  was  very  busy  with  his  lectures  until  July 
4,  1803,  when  he  retired.  I  think  that  we  may  fix  the  date  of 
these  remarkable  ex})eriments  as  somewhere  between  1803  and 
1807;  and  it  is  highly  probable  that  the  theory  was  never  given 
to  the  public  in  a  lecture  before  the  lloyal  Institution,  but  first 
appeared  in  the  publication  of  his  Lectures  on  Natural  Philo- 
sojihy. 

That  Young  should  have  delayed  to  bring  to  the  test  of  ex- 
periment a  plausible  hypothesis,  Avhen  other  men  Avould  at  once 
have  appealed  to  the  instruments  in  their  la])oratories,  is  ex- 
plained by  the  fact  that  Young  "  at  no  period  of  his  life  was 
fond  of  repeating  experiments  or  even  of  originating  new  ones. 
He  considered  that,  however  necessary  to  the  advancement  of 
science,  they  demanded  a  great  sacrifice  of  time,  and  that, 
when  a  fact  was  once  established,  that  time  was  better  employed 
in  considering  the  purposes  to  which  it  might  bo  a})plied  or  the 
principles  which  it  might  tend  to  elucidate."  Indeed  this 
peculiarity  receives  abundant  confirmation  from  his  own  words. 
Thus,  in  the  Bakerian  Lecture,  already  so  often  referred  to,  he 
says  : — "  Nor  is  it  absolutely  necessary  in  this  instance  [in 
speaking  of  the  proofs  to  be  adduced  in  support  of  the  undula- 
tory  theory  of  light]  to  produce  a  single  neAV  experiment ;  for 
of  experiments  there  is  already  an  ample  store."  And  in  a  let- 
ter written  in  November  1827,  to  his  sister-in-law,  Mrs.  Earlo, 
on  the  respective  honours  given  by  Herschel,  in  his  '  Optics,' 
to  Young  and  Fresnel,  he  says,  "  And  acute  suggestion  was 
then,  and  indeed  always,  more  in  the  line  of  my  ambition  than 
experimental  illustration."  Young  carried  his  opinion  of  the 
secondary  importance  of  experiments  so  far  as  even  to  object 
to  the  increase  of  the  fund  left  by  Wollaston  to  the  lloyal 
Society  to  aid  experimental  inquiries,  in  these  words  : — "  For 
my  part,  it  is  my  pride  and  pleasure,  as  far  as  I  am  able,  to 
supersede  the  necessity  of  experiments,  and  more  especially  of 
expensive  ones." 


[  1^^^  ] 
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[Continued  from  S.  4.  vol.  xli.  p.  274.] 

VII.  Some  Triassic  Trap  Minerals. 

r^ENTUALLASSITE.—T[\e  pnl)lication  of  a  letter  on 
"  Doubtful  Minerals  "  in  the  '  Cbeniical  News'  (vol.  xxx. 
]).  105),  Las  recalled  my  attention  to  some  inineralonical  work 
Avliich  occupied  a  good  deal  of  my  spare  time  in  former  years. 
In  that  letter,  and  in  others  subsequently  written  to  the  same 
Journal  on  the  topic  indicated,  allusion  is  made  to  some  of 
this  work ;  and  I  open  this  connnunication  with  an  attempt  to 
make  matters  clear  so  far  as  this  is  concerned. 

In  185'J  I  described  (in  the  '  Edinburgh  New  Philosophical 
Journal,'  vol.  x.  p.  84)  three  minerals  found  in  trap  of  Tri- 
assic age  near  Black  Rock  in  the  Bay  of  Fundy,  which  I  con- 
sidered new,  and  which  I  called  cyanolite,  cerinite,  and  cen- 
trallassite  :  they  are  among  the  "  doubtful  minerals  "  of  the 
letters  above  mentioned.  1  have  nothing  to  add  to  what  was 
originally  given  v.'itli  regard  to  the  first  two  of  these ;  but  I 
find,  on  referring  to  my  notes,  that  I  can  contribute  something 
more  to  the  history  of  the  third  ;  and  while  preparing  this 
paper,  I  have  found  occasion  to  reclaim  a  formula  assigned  to 
a  related  mineral  by  its  discoverer,  the  late  Professor  Anderson, 
of  Glasgow.  Some  notes  respecting  other  trap  minerals  and 
the  rocks  in  which  they  occur  are  added. 

The  three  minerals  mentioned  were  found  constituting  a 
nodule  :  cyanolite  had  somewhat  the  characters  of  chalcedony  ; 
centrallassite  was  a  colourless  lamellar  mineral  in  radiated 
spherical  concretions,  and  cerinite  a  yellowish  waxy-looking 
mineral  en^  eloping  the  others.  From  the  analytical  details 
obtained  I  thought  I  was  justified  in  giving  formula?  for  the 
minerals ;  and  as  regards  the  first  two  (cerinite  contained 
alumina),  their  relations,  as  made  out,  are  shown  by  taking 
the  same  number  of  equivalents  of  lime  (the  base  in  each  for- 
mula), in  this  manner  (using  the  notation  then  in  vogue)  : — 

Gyrolite  2paOSi03  +  3HO,    ].^4CaOSi03     +6H0 
taken  twice        ....      J  ** 

Okenite  3  CaO, 4  SiOs  +  6  HO,  )      ^  ^^^^^  ^^  g.^      g  ^^^ 
+  ^  its  tormula       ...      J  '    '^         ** 

Centrallassite =4CaO,5Si03   +5  HO 

Cyanolite =4CaO,  lOSiOa  +  SHO 

I  did  not  fail  to  state  that  centrallassite  came  near  gyrolite 
in  physical  characters  and  chemical  composition.     Dana's  cri- 
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tical  obi^orvation  Avitli  rcforoncc  to  cvanolito  is,  "  ])V()l)al)ly  llic 
same  niinoral  with  centrallassito,  impure  -with  iimcli  moro  silica  ; 
or  it  is  clialooduny,  iiii])uro  with  ccntraHasitc  "  (]\IiiK'raI()p;y, 
Supplement  to  tifth  edition,  p.  797).  This,  of  course,  may  be 
the  case ;  but  if  so,  it  is  curious  that  the  whole  of  it  should 
have  the  same  composition,  as  my  two  analyses  would  seem  to 
show.  In  any  case,  I  have  no  doubt  Dr.  Burghardt  is  incor- 
rect when  he  says  "  cyanolite  is  simjily  okeuite  "  (Chemical 
News,  vol.  XXX.  p.  185). 

With  regard  to  centrallassite,  it  had,  in  all  probability,  many 
years  before  I  came  to  this  country  attracted  the  attention  of  Dr. 
Abraham  Gesner,  who  was  one  of  the  earliest  collectors  of  mine- 
rals in  this  his  native  province,  and  was  probably  more  familiar 
with  its  choice  localities  for  trap  species  than  any  one  else  has 
ever  been.  My  reason  for  saying  this  is,  that  after  my  })aper  was 
published  I  observed  in  his  '  Kemarks  on  the  Geologvand  Mine- 
ralogy of  Nova  Scotia,'  183G  (p.  202),  the  followiiig  :— "  This 
mineral,  called  prehnite,  found  a  few  miles  east  of  Black  Rock, 
occurs  in  small  botryoidal  masses,  of  which  none  were  larger  than 
a  hen's  egg.  It  consists  of  very  delicate  crystals  radiating  in 
all  directions  from  the  centre.  A  number  of  these  small  cir- 
cular clusters  are  collected  together,  each  having  its  fibres  pro- 
ceeding from  an  adjusted  centre  to  the  extremity  of  the  group 
composed  by  them  ;  its  colour  is  pale  green,  suj)posed  to  arise 
from  the  green  carbonate  of  copper  also  found  near  it.  Before 
the  blowpipe  it  intumesces  and  melts  to  a  spongy  black  enameL 
It  does  not  gelatinize,  and  is  therefore  distinguished  from  zeo- 
lite. It  appeared  in  amygdaloid  near  its  junction  with  super- 
imposed basaltic  trap.  Locality  visited  next  spring ;  no  more 
mineral  found." 

Now  in  this  extract  I  see  an  accurate  description  of  part  of 
the  nodule  described  in  my  paper  of  1869.  Gesner  gave  no 
analysis  ;  but  the  "  intumescence  before  the  blowpijje/'  while 
it  is  a  character  belonging  to  prehnite,  agrees  closely  enough 
also  with  my  statement  with  regard  to  centrallassite,  "  fuses 
readily,  with  continued  spirting,  to  an  opaque  glassy  bead."  I 
find,  on  repeating  the  experiment,  that  the  spirting  is  accom- 
panied by  intumescence.  As  respects  the  green  colour,  that 
is  no  doubt  accidental ;  it  is  frequently  seen  in  minerals  pro- 
})erly  colourless,  in  these  districts ;  and  it  is  caused,  as  Gesner 
supposed,  by  copper,  as  I  showed  in  the  case  of  laumonite 
found  in  the  same  range  of  trap  at  Margaretville  (Edin.  New 
Phil.  Journ.  1858).  Again,  like  centrallassite,  his  mineral 
did  not  gelatinize  ;  and  moreover  the  locality  agrees  with 
mine,  estimated  to  be  some  very  few  miles  east  of  Black  Rock, 
as  it  was  between  this  and  Hall's  Harbour,  about  eight  miles 


130         Prof.  How  o/t  the  MincvaUxjij  of  JSfoca  Scotia. 

distant.     Prehnite,  I  may  mention,  has  never  boon  found,  to  a 
certainty,  in  this  province,  so  far  as  I  know. 

Some  little  time  after  my  paper  was  published  I  obtained 
from  Dr.  Webster*,  my  companion  when  the  nodule  was 
found,  a  small  mass  of  mineral  precisely  described  in  the  Avords 
of  Dr.  Gesner  above,  only  that  there  was  an  entire  absence  of 
colour.  It  was  found  detached  upon  the  beach  100  yards  or 
so  from  the  pier  at  Hall's  Harbour.     It  was  about  the  size  of  f 

a  Ijantam's  egg,  weighed  close  upon  150  grains,  and  seemed  • 
to  bo  uniform,  except  that  there  was  one  very  small  patch  re- 
sembling cerinite ;  the  major  part  was  of  high  pearly  lustre, 
and  either  transparent  or  strongly  translucent ;  but  a  consi- 
derable portion  of  the  surface  was  opaque.  This  appearance 
the  remains  of  the  specimen  in  my  possession  retain  to  this 
day.  As  it  is  sometimes  important  to  record  historical  details 
in  the  case  of  "  doubtful  minerals,"  I  may  mention  that  I 
placed  about  half  the  piece  i  received  from  Dr.  Webster  in 
the  hands  of  Professor  Marsh,  of  Yale  College,  who  at  that 
time  was  a  student  there,  and  used  to  collect  extensively  in 
this  province  during  his  vacations  ;  and  I  remember  perfectly 
well  his  saying  that  the  mineral  was  unfamiliar  to  him.  An 
analvsis  w^as  made  at  the  time  of  portions  partly  pearly,  partly 
opaque  t^the  sample  having  been  ignited  for  water,  the  residue 
was  treated  with  acid,  and  the  resulting  "silica^'  fused  with 
;  rbonates  of  sodium  and  potassium ;  alumina  and  lime 
w^ere  separated  and  added  to  the  quantities  in  the  original 
fluid.     The  final  results  on  the  air-dry  mineral  were : — 


Oxygen. 

Lime 
Alumina     . 

.     .  31-53 
.     .     2*19 

9 

Potassa 

.     .     0*76 

Water    .     . 

.     .  11-58 

10-29 

Silica     .     . 

.     .  54-72 

29-18 

100-78 

These  numbers,  on  comparison  with  the  following  mean  of  my 
former  analyses  and  the  percentages  calculated  from  the  formula 
to  which  they  led, 

*  A  well-known  and  successful  collector,  wliose  fine  calnnet  now  forms 
a  prominent  feature  in  the  Provincial  Museum,  Halifax,  N.  S.,  by  the  ge- 
nerosity of  his  widow. 


t 
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FlHUUl. 

Calculatod 

Lime   .     . 

.  27-ill 

2D-20 

Alumina  . 

.     1-U 

Magnesia 

.     0-U 

Potassa     . 

.     O'bi) 

Wat(n-       . 

.  1141 

11-74 

Silica  .     . 

.  58-80 

5'J-OG 

100-07  100-00 

establishes  beyond  a  doubt  the  identity  of  tlio  mineral ;  but 
the  recurrence  of  an  almost  absolutely  similar  quantity  of  water 
is  so  far  countrrbalanced  by  dissimilar  amounts  of  the  other 
essential  constituents  that  I  must  own  my  old  formula  is  not 
supported  as  I  should  like.  Since  one  of  the  minerals  asso- 
ciated with  the  specimen  tirst  analyzed  contained  nmch  silica 
(cyanolite  ;  it  gave  74  per  cent.),  and  Avas  not  easily  separated ; 
and  as  it  is  not  present  with  the  mineral  whose  analysis  is  now 
published;  I  think  it  most  probable  this  last  is  the  more  correct. 
The  oxygen  ratio  is  seen  to  be  nearly  1:3:1  for  lime,  silica, 
and  water :  now,  taking  the  accepted  constitution  of  silica  and 
the  equivalent  notation  still  most  commonly  employed  in  mine- 
ralogical  writings,  this  ratio  leads  to  the  formula 

2CaO,  3Si02  +  2HO, 
of  which  the  calculated  percentages — 

2CaO    =     56  34-14 

2  HO     =     18  10-98 
3Si03    =   _90  54-88 

164  100-00 

agree  well  enough  with  the  anal^iical  results  brought  forward, 
allowing  for  replacements.  The  ratio  for  the  same  constituents 
given  by  Anderson  for  gyrolite  {"  Description  and  Analysis  of 
Gurolite,  a  new  Mineral  Species,"  Phil.  Mag.  Feb.  1851),  was 
2:6;  3 ;  and  the  percentages  calculated  from  the  formula  he 
gave  (changing  SiOa  to  SiOg), 

2CaO,  3Si02  +  3HO, 

2CaO     =     56  32-37 

3  HO     =     27  15-61 
3Si02    =   J)0             52-02 

173  100-00 

agree  tolerably  well  with  the  numbers  found  by  him,  and 
better  with  those  found  by  myself  ("  On  Gyrolite  occurring 
with  Calcite  in  Apophyllite  in  Trap  of  Bay  of  Fundy,"  Edin. 
New  Phil.  Journ.  and  Sillimau's  Journal,  1861)  in"  the  only 
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two  recorded  analyses  of  the  mineral  (in  my  paper  allusion  is 
inade  to  the  probable  replacements),  viz. : — 

G^'i'olite. 


A.nderson. 

How. 

Lime    .     . 

33-24: 

29-95 

Alumina   . 

1-48 

1-27 

Magnesia 

0-18 

0-08 

Potassa     .     . 

none 

l-()0 

Water       .     . 

14-18 

15-05 

Silica  .     .     . 

50-70 

51-90 

99-78 

99-85 

I  wish  to  draw  attention  to  this  concordance  particularly, 
because  I  find  in  Dana  (Mineralogy,  fifth  edition,  p.  398)  the 
formula 

(fCa  +  iH)Si  +  H  =  2CaO,3Si02  +  4HO 

assigned  to  gyrolyte  :  the  percentages  calculated  from  this  ex- 
pression, 

SiOs    =30      ^     .     .     49-45 

|CaO=18-66    .     .     .     30-76  f 

iiHO  =  12-00   .     .     .     19-78  ' 

99-99 

by  no  means  correspond  with  our  experimental  results.  Again, 
I'find  that  Greg  and  Lettsom  (Manual  of  Mineralogy  of  Great 
Britain  and  Ireland,  p.  217)  give  for  the  same  mineral  the 
formula 

3CaSi  +  4H=3CaOSi03  +  4H2  0,  | 

Avith  the  calculated  percentages  " 
SiOg     ....     53-29 

CaO     ....     32-86  i 

H2  0    .     .     .     .     13-85  I 

100-00 

which  agree  no  better  with  our  experimental  numbers  than  the  ' 

last.  Neither  of  these  formulse,  therefore,  has  the  validity  of 
Anderson's,  which  it  affords  me  a  melancholy  pleasure  to  re-  | 

affirm  on  behalf  of  my  lamented  friend,  under  whom  I  did  far 
too  much  work  not  to  know  Avhat  delight  he  took  in  accuracy, 
both  of  work  and  its  representation.  The  water  is  much  tco 
hio-h,  the  silica  and  especially  the  lime  are  too  Ioav,  allowing 
for  replacements  in  the  latter,  in  Dana's  formula ;  while  the 
other  shows  too  little  water  and  too  much  silica. 

Considering  that  Anderson  states  (Joe.  cit.)  that  he  found 
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his  mineral  to  lose  -vvator  with  f^roat  facility,  and  that  the  spe- 
cimen I  analyzed  was  partly  opaque  and  had  been  ex])Osed  for 
an  unknown' lengtli  of  timn,  it  may  seem  that  1  should  be  led 
to  the  view  that  centrallassito  is  really  gyrolite.  This  is  sup- 
ported by  the  fact  of  its  structure  being  lamellar.  Anderson 
says  of  gyrolite,  "  its  crystallization  in  plates  and  not  in  needles, 
its  high  lustre,  and  the  ease  with  which  it  loses  Avater  distin- 
guish it  completely  from  dysclasite  "  (okenite).  To  this  it  may 
be  added  that  while  this  last  mineral  gelatinizes  readily  with 
acid,  centrallassito  does  not ;  and  though  Anderson,  curiously 
enough,  does  not  allude  to  this  important  character,  and  the 
same  is  true  of  myself  on  the  occasion  above  cited,  I  now  find 
that  the  mineral  I  then  described  as  gyrolite  does  not  gelati- 
nize, but  resembles  centrallassito  in  giving  slimy  silica.  Not- 
withstanding all  this,  I  am  still  held  to  claim  individuality  for 
centrallassite,  because  I  proved  in  my  paper  on  the  three  mi- 
nerals, at  least  to  my  own  satisfaction,  that  my  mineral  does 
not  lose  water  readily.  I  showed  that  on  taking  portions  from 
the  interior  of  the  mass,  some  "  without  lustre,  chalk-white, 
and  in  which  a  radiated  structure  was  sometimes,  but  not  inva- 
riably, quite  obvious,"  in  two  cases  the  percentage  of  water 
was  found  to  be  12*29  and  12-25,  which  is  a  little  above  the 
average,  11*41,  and  was  supposed  to  be  accounted  for  by  ab- 
sorption of  water  by  the  white  powdery  form,  because,  as  I 
find  from  my  notes,  a  direct  experiment  was  made  with  regard 
to  the  loss  and  absorption  of  water.  Some  fragments,  selected 
as  being  nearly  pure  centrallassite,  were  powdered  and  weighed 
at  once,  being  placed  over  Hg  SO4  ;  the  loss  in  forty  hours  was 
at  an  end  and  amounted  to  0*53  per  cent. ;  and  on  exposure  to 
the  air  for  two  days  the  gain  by  the  dried  powder  was  com- 
plete and  equalled  0*73  per  cent ;  on  redrying  over  H2  SO4, 
the  loss  on  the  original  weight  was  the  same  as  before,  and  on 
reexposure  for  two  hours  only  or  less  the  gain  was  0*59  per 
cent. 

My  opinion,  from  the  whole  evidence,  is  that,  from  the  cor- 
respondence of  okenite,  gyrolite,  and  centrallassite  in  consti- 
tuents, and  their  ajiproximate  quantitative  composition,  together 
with  the  occurrence  of  a  few  prismatic  needles  in  tufts  along 
with  the  pearly  plates,  or  in  close  proximity,  noticed  by  myself 
formerly  in  the  case  of  the  latter  mineral  (''  two  very  small 
tufts  of  divergent  silky  transparent  needles  seen  in  the  interior 
of  the  nodule,  having  the  bloAvpipe  characters  of  the  lamina?," 
loc.  cit.),  they  are  closely  related  indeed,  but  the  merging  of 
one  in  either  of  the  others  as  a  species  is  not  admissible. 
Taking  the  formula  I  now  substitute  for  my  old  one  for  cen- 
trallassite, that  of  Anderson,  which  I  have  shown  anew  to  be 
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establishtxl  bv  analyses,  for  gyrolite,  and  tliat  in  the  books, 
wliioh  is  amply  supported  by  experiment,  for  okenite,  we  have, 
wlien  they  are  written  on  both  systems  of  notation,  the  fol- 
lowing : — 

Old  notation.  New  notation. 


Okenite     .      Ca  Si'+W 
Centrallassite  Ca^Si^  +  H'^ 


Gvrolite 


Ca'^Si^  +  H' 


Ca  Si2  05.2H,0=  Ca0.2Si03. 
CaoSi3O8.2H3Osr2CaO.3SiO,, 
Ca3Si3  0s.3H30=2Ca0.3Si03. 


2H2O. 

•211:0. 
3H3O. 


which  show  very  simple  relations.  These  minerals  are  all 
somewhat  rare  natives  of  trap-rocks ;  and  the  associations  of  tho 
last  appear  to  be  much  more  numerous  than  those  of  the  others. 
I  have  shown  that  besides  occurring  with  the  minerals  men- 
tioned by  Anderson,  various  well-kuo\\T;i  zeolites  at  Skye,  it  is 
found  in  this  pro%-ince  on  the  Bay  of  Fundy  associated  with 
calcite  and  apophvllite,  and  also  with  Mordenite  ("A  new 
Mineral  from  the  Trap  of  Nova  Scotia,"  Journal  of  the  Che- 
mical Society-,  II.  vol.  ii.  p.  100). 

StilbUe. — It  is  curious  that,  abundant  as  stilbite  is  in  tins 
region,  where  it  exhibits  a  large  number  of  crystallized  varie- 
ties, some  of  which  are  of  great  beauty,  the  Nova-Scotian  mi- 
neral has  not  afforded  a  single  analysis  to  the  treatises  on  mine- 
ralogy. Among  the  most  marked  varieties  may  be  specifietl 
honey-yellow  sheaves  at  Partridge  Island,  radiated  hemispheres 
at  Margaretvihe  and  Hall's  Harbour,  groups  of  long  colourless 
flattened  cr\'stals  at  the  latter  place,  brownish  flattened  crystals 
attached  by  edges  into  groups,  of  which  I  have  procured 
masses  of  considerable  size  from  veins  some  inches  thick  at 
Morden,  and  large  brown  sheaves  with  contracted  bases  set 
together  obliquely,  forming  curious  specimens,  at  some  of  the 
noted  locahties.  It  is  also  found  formino^  solid  homotjeneous 
masses  of  lamellar  structure  in  thin  veins.  I  analyzed  such  a 
specimen,  milk-white,  translucent  in  strong  light,  retaining 
considerable  lustre  on  cleavage,  from  the  trap  on  the  shores  of 
Annapolis  County,  near  Margaretvihe  or  Port  Oeorge,  with 
these  results : — 


Found. 

Calculated. 

TTater 

lG-52 

17-20 

Alumina  . 

17-28 

lG-50 

Lime    .     . 

7-57 

8-90 

Soihx    .     . 

2-10 

Silica  .     . 

57-32 

57-40 

100-79 


100-00 


It  follows,  on  comparison  with  the  adjacent  calculated  per- 
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ccnt;in;cs  from  the  ■\voll-e.staljli.slieJ  fonnula,  that  in  iliis  case 
there  is  no  variation  from  the  normal  composition,  except  what 
is  frequent  in  the  species,  a  replacement  of  lime  by  soda. 

SpliwrostUbite. — Amonf^the  forms  of  stilbite  occurrinf^  here 
arc  to  be  observed  crystalline  incrustations  on  various  mine- 
rals :  calcitc  and  apophyliito,  for  examjile,  and  crystals  of  stil- 
bite are  sometimes  coated  with  layers  of  a  mineral  which  seems 
altogether  destitute  of  crystalline  structure.  I  have  collected, 
near  Hall's  Harbour,  a  number  of  specimens  showing  most 
curious  concretionary  structure.  In  several  of  these  the  ex- 
ternal surfaces  are  perfectly  smooth  and  rounded;  and  I  should 
have  considered  them  to  bo  sphairostilbite  ;  only,  while  agreeing 
in  blowpipe  characters,  and  seeming  to  pass  in  a  suite  of  spe- 
cimens directly  from  well-defined  stilbite  into  such  forms,  they 
refused  to  gelatinize.  But  since  I  found  that,  according  to 
Heddle,  the  gelatinization  of  sphaerostilbite  is  in  reality  due  io 
mesolite,  and  as  I  can  find  no  appearance  of  this  mineral  in 
these  specimens,  I  think  they  may  l)e  fairly  placed  in  this 
subdivision  (Dana's  'Mineralogy,'  fifth  edition,  p.  443).  I 
have  found  a  more  distinctly  marked  appearance  of  spheres, 
about  the  size  of  small  shot,  in  a  travelled  specimen  at  Hants 
Port,  at  the  mouth  of  the  river  Avon  near  Windsor ;  the  little 
spheres  are  colourless  and  behave  like  those  just  mentioned ; 
they  show  no  mesolite  ;  they  fill  a  drusy  cavity  in  crystalline 
trap,  no  doubt  drifted  from  the  south  shore  of  the  Bay  of 
Fundy. 

Cylinch'O'kl  of  various  Minerals  filing  a  Vapour-tuhe. — 
Upon  one  occasion  1  found  in  the  trap  near  Morden,  King's  Co., 
a  rather  curious  specimen,  looking  like  a  green  rod  running 
through  the  rock.  There  was  a  considerable  length  of  it  ex- 
posed; and  I  detached  a  few  pieces,  of  which  the  longest  mea- 
sured several  inches.  They  were  quite  solid,  not  I'ound,  but 
cylindroidal  in  form,  about  2  inches  in  diameter.  The  green 
coating  was  probably  Poonah  earth ;  the  interior  contained  a 
little  of  the  same  in  patches  and  minute  points  thi'oughout ; 
but  the  groat  bulk  of  the  mass  v\'as  a  mixture  of  dissimilar  mi- 
nerals, one  of  which  agreed  in  appearance  and  leading  charac- 
ters with  that  variety  of  stilbite  of  which  an  analysis  is  given 
above,  while  the  most  abundant  of  the  others  was  a  fibrous 
mineral,  dull  and  colourless;  underlj-ing  these  was  apparently 
mordenite  ;  there  was  also  a  red  mineral  in  small  points  with 
diverging  lines.  Analysis  of  what  seemed  to  be  stilbite  (I.) 
and  of  the  other  part  (ll.)  gave  these  results — 
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I. 

II. 

Water       . 

.  15-81 

14-34 

Alumina  . 

.     8-72 

5-89 

Lime   . 

.  13-60 

11-08 

Potassa     . 

.     3-35 

4-71 

Silica  .     . 

.  58-47 

64-33 

99-95  100-35 

which  show  that  while  there  is  an  approach  to  the  composition 
of  stilbit?,  the  other  minerals  ai-e  quite  different  in  composition, 
and  have  introduced  a  good  deal  of  lime  and  potash.  I  con- 
clude that  the  solid  is  chiefly  made  up  of  stilbite  and  apophyl- 
lite  with  green  earth.  We  have  here,  no  doubt,  an  illustra- 
tion of  the  action  of  water  in  filling  cavities  formed  by  the 
passage  of  vapours  in  the  original  condition  of  the  rock.  In 
a  very  interesting  paper  on  Trap  Rocks  of  the  Connecticut 
Valley  (Silliman's  Journal,  March  1875),  analogous  effects  are 
described  by  Mr.  G.  W.  Hawes,  who  says  (p.  191),  in  refer- 
ence to  the  chemical  composition  of  the  rocks  and  the  contents 
of  cavities,  "  That  there  was  such  a  passage  of  vapours  through 
the  molten  mass  is  evident ;  for  the  rock  of  some  dykes  contains 
Ion  or  pipestem-like  cavities  which  w^ere  made  by  the  ascend- 
in  o-  vapours,  and  which  are  generally  filled  with  calcite."  I 
mav  mention  that  the  contents  of  cavities  mentioned  by  Mr. 
Hawes  as  occurring  in  the  Connecticut-valley  trap  rocks,  bear 
a  close  resemblance  to  those  I  have  observed  in  those  of  Nova 
Scotia  on  the  Bay  of  Fundy.  In  this  circumstance  we  have 
additional  evidence  as  to  the  fundamental  similarity  shown  by 
Professor  Dana  to  exist  between  "  the  eruptive  rocks  (or  trap) 
of  the  Triassico-Jui'assic  areas  of  the  Atlantic  border,  from 
Nova  Scotia  to  the  Carolines,  all  of  which  belong  to  one  epoch, 
and  are  solely  varieties  of  dolerite — rocks  made  up  essentially 
of  labradorite  and  pyroxene  with  more  or  less  magnetic  iron- 
ore  in  disseminated  grains  or  crystals  "  (Silliman's  Journal, 
August  1873,  p.  105).  With  reference  to  the  last-named  con- 
stituent, I  offer  the  following  remarks. 

Magnetite. — In  various  parts  of  the  trap  between  Blorindon 
and  Brier  Island  veins  and  pockets  of  magnetic  iron-ore  exist. 
The  oi-e  presents  a  general  similarity  of  appearance  :  it  is  fre- 
quently compact  and  massive,  sometimes  crystallized  on  the 
surfaces  when  veins  are  only  partially  filled  ;  it  is  generally 
associated  w^ith  amethystine  quartz-crystals  (occasionally  in 
specimens  of  very  deep  colour)  or  other  forms  of  silica.  On 
Dioby  Neck  are  several  localities,  at  some  of  w^hich  the  ore 
occurs  with  red  hsematite  ;  altogether  these  deposits  have  fur- 
nished a  few  hundred  tons  for  smelting.     I  made  analvses  of 


Prof.  Plow  on  (he  Mineralogy  of  Nova  Scotia.         137 

two  samples  from  veins  in  the  North  Mountain  of  Annapolis 
Co.,  known  as  Romans  and  Tremain  ore,  which  resembletl  such 
eompact  ore  as  1  have  seen  from  other  parts  of  this  trap-region, 
with  the  following  results  : — 

Romaus.  Tremain. 

Quartz 5-46  4-94* 

Magnesia  and  traces 

of  lime 1-27  4-84 

Oxygen  (by  deficiency)  24-94  \  (..-,  .^^    25-19  l^^  ^^j 
jMeta llic  iron       .     .  "  .  08-33  J  ^  '^"^ '    05-03  /  ^^  ^^ 

100-00  100-00 

Oil  calculating  the  metallic  iron  to  magnetic  oxide,  there  is 
per  cent,  for  liomuns  94-30,  and  for  Tremain  89-80,  which 
amount  agrees  so  closely  ^vith  the  Aveight  of  the  iron  found 
added  to  tJio  oxygen  by  loss  in  each  case  as  to  show  that  the 
minerals  are  nearly  true  magnetic  oxide  in  the  ratio  of 
FeO  :  Fcg  O3 ;  the  replacement  by  magnesia,  so  common  in  the 
species,  is  unequal. 

Macinetic  Hcematite. — The  trap  of  Digby  Neck  also  affords 
micaceous  iron-ore  in  small  crysfcds  disseminated  in  the  rock 
and  in  cacholong,  with  agate  and  quartz,  near  St  Mary's  Bay, 
and  at  the  same  place,  Johnson's,  haematite  in  large  modified 
crystals  in  numerous  veins,  some  of  which  are  5  inches  thick. 
A  few  miles  east  of  this  locality  haematite  is  found  beautifully 
crystallized  in  forms  apparentl}'  showing  its  derivation  from 
magnetite.  At  both  places  the  crystallized  mineral  has  the 
red  streak  of  hsematite,  while  a  good  deal,  if  not  all,  is  more  or 
less  magnetic  to  the  needle.  The  experiments  of  Hausmann, 
Henrici,  H.  Rose,  and  others  show  that  the  magnetism  of 
hsematite  does  not  arise  from  a  mixture  of  protoxide  of  iron, 
as  is  often  assorted  (for  the  pure  peroxide  can  acquire  mag- 
netism in  a  high  degree),  but  depends  chiefly  on  the  state  of 
aggregation,  the  more  crystalline  and  compact  varieties  being 
also  the  more  highly 'magnetic  (Nicol's  'Mineralogy,'  p.  398). 

Antimony. — In  the  course  of  analysis  of  trap  rock  from 
Margaretville  my  son  and  pupil,  Mr.  H.  How,  found  decided 
traces  of  antimony ;  in  what  form  it  exists  is  not  made  out. 
This  metal  has  not  been  certainly  found,  except  Avith  galena 
and  to  a  very  small  amount,  in  this  province ;  but  it  exists  as 
sulphide  in  the  adjoining  province  of  Ni'w  Brunswick,  but  not 
on  the  bay-shore  opposite  Margaretville ;  and  it  occurs  in  a 
geological  formation  very  unlike  the  Triassic  trap  of  Nova 
Scotia. 

•  "With  traces  of  titanium. 
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Specific  Gravity  of  some  of  the  Trap  Rods. — In  the  ]-)aper 
by  Professor  Dana  before  cited,  tlio  specific  gravity  of  one 
variety  of  trap  from  this  province,  taken  by  myself  for  his 
purpose  of  comparison,  is  given.  I  may  conchide  with  some 
additional  examples,  taken  at  about  00°  Fahr. 

Spec,  gi'ar. 

1.  Columnar  trap,  one  weathered  surface.    Westlo.nqj^ 

side  of  Digby  Gut J 

2.  Crystalline  trap,  massive,  above  amygdaloid.  \  c)  qpo 

Gulliver's  Hole,  Digby  Neck     .     :     .     .      /^'^^^ 

3.  Crystalline   trap,  massive,  above  amygdaloid,  \  ^.q-i  o 

not  very  broken.    Point  Prim,  Digby  Gut    J 

4.  Crystalline   trap,  massive,  above  amygdaloid,^ 

newly  broken.     East  of  Sandy  Cove,  Digby  >-2*915 
Neck ) 

5.  Amygdaloid.     Hall's  Harbour 2-747 

6.  „  Peter's  Point,  Margaretville      .    2-697 

7.  „  Partridge  Island   ■ 2*659 


XVII.  Remarks  upton  Mr.  Mallet's  Strictxires  on  the  Mathema- 
tical Test  app)lied  to  his  Theory  of  Volcanic  Energy  hy  Mr. 
0.  Fisher.     By  Mr.  0.  Fisher,  ^ Clh,  F.  G.S* 

ME.  MALLET'S  theory  of  volcanic  energy  is  essentially 
a  question  of  "  how  much  ?  "  which  can  only  be  decided 
by  mathematical  calculation.  He  has  himself  applied  the  me- 
thod to  the  problem  in  his  great  paper ;  so  that  any  argument 
against  that  mode  of  treatment  of  the  subject  lies  against  him- 
self as  well  as  against  me.  His  general  remark  respecting 
the  applicability  of  mathematical  reasoning  seems  intended  to 
reassure  that  class  whom  he  describes  towards  the  end  of  his 
paper  as  persons  upon  whom  mathematical  symbols  exercise 
a  sort  of  fascination  like  that  of  the  serpent's  glance  upon 
small  birds.  He  would  bid  them  shake  off  their  fear  and  be 
free ;  for  he  tells  them  "  mathematical  reasoning  is  an  admir- 
able and  potent  instrument  for  the  discovery  of  truth,  when 
the  data  upon  which  it  is  founded  are  exact,  sufficient,  and 
such  as  are  sure  to  exist  in  nature.  But  all  its  validity  de- 
pends upon  these  data,"  which  we  all  know  are  usually  un- 
attainable. As  a  contrast  to  this  description,  I  give  Thomson 
and  Tait's  account  of  the  matter. 

"  Until  we  know  thoroughly  the  nature  of  matter,  and  the 
forces  which  produce  its  motions,  it  will  be  utterly  impossible 
to  submit  to  mathematical  reasoning  the  exact  conditions 

*  Communicated  by  the  Author. 
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any  physical  quostion.  It  has  boon  h^nfr  understood,  however, 
that  an  aj)proxiniate  solution  of  almost  any  prol)leni  in  tlio 
ordinary  branches  of  natural  philosophy  may  bo  easily  ob- 
tiiined  by  a  species  of  abstraction,  or  rather  of  li/nitation  of  the 
data,  such  as  enables  us  easily  to  solve  the  modified  form  of 
the  question,  while  we  are  well  assured  that  the  circumstances 
so  modified  ati'ect  the  result  only  in  a  su])orficial  manner"*". 

This  is  the  method  I  have  taken  ;  and  if  ]\Ir.  Mallet  desires 
seriously  to  impugn  my  conclusions,  he  must  either  show  that 
my  formula?  are  insufticient  to  give  the  full  amount  of  heat 
developable  under  his  theory,  or  else  ho  must  substitute  in 
them  such  admissible  values  of  the  quantities  involved  as  will 
support  his  views  better  than  those  that  I  have  taken  out  of 
his  own  writings.  His  "  lofty  point  of  thermodynamics," 
from  which  he  so  complacently  assails  the  conclusions  of  pre- 
vious geologists,  will  not  serve  him  now  ;  for  I  occupy  a 
station  on  the  same  range  of  heights,  and  one  which  com- 
mands his  own.  If  he  will  do  what  I  have  suggested,  we 
shall  know  whose  house  is,  what  he  calls  mine,  "  a  house  of 
cards." 

Although  Mr.  Mallet  disclaims  attempting  a  refutation  of 
my  arguments,  he  has  attacked  them  in  those  places  where  he 
evidently  thinks  them  most  assailable.  Naturally,  "  for  my 
own  purposes  "  (that  is,  for  the  purpose  of  my  argiiment 
— neither  an  unfair  nor  unreasonable  act)  I  took  his  "  small  " 
(quai-to)  paper,  which  I  did  not  represent  to  be  part  of  his 
original  memoir,  and  used  it.  It  was  from  this  paper,  pub- 
lished in  the  '  Transactions,'  that  I  took  those  "  peascods  " 
and  put  them  into  my  "mathematical  mill."  They  were  Mr. 
Mallet's  own  "  peascods  ;"  and  if  he  has  any  "  wheat "  in  store 
which  he  holds  back  from  the  world,  I  shall  be  happy  to  put 
it  also  into  the  mill,  and  to  see  what  sort  of  flour  it  will  yield. 

The  quantity  which  I  have  represented  in  my  formulas 
by  fi,  fi'  is  not,  as  Mr.  Mallet  supposes,  a  coefficient  of  fric- 
tion. True,  the  letter  is  commonly  used  for  that  purpose  ;  and 
probably  that  led  Mr.  Mallet  to  suppose  that  it  was  so  used 
here.  But  he  might  have  observed  that  in  such  a  case  the 
dimensions  of  the  equation  would  have  been  incorrect,  and 
we  should  have  had  a  length  equal  to  an  area.  Nevertheless 
it  is  true  that  /x  and  fi'  will  depend  respectively  upon  friction 
and  adhesion,  and  increase  and  decrease  with  them.  Now,  if 
any  one  will  take  the  trouble  to  look  at  Mr.  I\[allet's  paper  in 
this  Magazine  "  On  Rock-crushing  <tc.,"  p.  8,  ho  will  see  it  is 
stated  that  the  coefficient  of  friction  has  been  put  as  high  as 
f  of  the  pressure  ;  and  "  should  this  coefficient  increase  pro- 
♦  Natural  Philosophy,  §  438. 
L2 
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portionatoly  undor  the  enormous  pressures  to  wliicli  a  dis- 
continuous mass  at  several  miles  depth  may  be  subjected,  we 
can  readily  see  that  the  transformed  heat  of  friction  produced 
by  internal  movements  taking  place  in  such  materials  after 
crushing  has  occurred,  must  be  the  source  of  a  large  amount  of 
heat  over  and  above  that  originally  due  to  the  crushing  itself." 
It  is  evident  from  this  passage  that  Mr.  Mallet  thought  a 
large  value  for  friction  was  favourable  to  his  theory  (as 
developed  by  Prof.  Hilgard) ;  and  he  afterwards  generously 
assumes  the  smaller  value  0*5  for  the  coefficient.  I  purposely 
gave  him  the  advantage  of  the  larger  estimate.  But  I  am 
quite  content  that  Mr.  Mallet  should  make  use  of  any  co- 
efficient of  friction  Avhich  he  thinks  admissible. 

The  following  passage  strikes  me  as  certainly  unfair : — 
"  Somewhat  further  on  we  find  the  author  overthrowing, 
in  the  following  sentence,  the  entire  mathematical  house  of 
cards  which  he  has  with  so  much  parade  erected.  '  If,  how- 
ever, as  is  more  likely,  the  crust  rests  upon  a  fluid  or  viscous 
layer,  the  resistance  to  lateral  motion  will  be  much  smaller  ; 
but  we  are  not  able  to  guess  what  it  will  be,  so  that  we  cannot 
a  priori  assign  a  value  to  //..'  "  Why  did  not  Mr.  Mallet 
quote  the  sentence  which  follows  and  qualifies  this  ? — "  But  a 
probable  estimate  [for  /a]  may  be  arrived  at  from  the  considera- 
tion that  a  great  circle  of  the  sphere  cuts  on  an  average  at  least 
three  lines  of  weakness,  as  appears  upon  the  inspection  of  a 
map  showing  the  lines  of  volcanic  action."  In  fact  my 
formula  is  general,  and  can  be  applied  whether  there  be  a 
solid  nucleus  or  a  viscous  substratum. 

It  is  well  known  that  some  physicists  insist  upon  a  solid 
nucleus  ;  and  no  doubt  Mr.  Mallet  would  have  been  quick  to 
notice  the  omission  had  I  not  adverted  to  that  case  ;  but  by 
altering  the  value  offj,,  the  formula  equally  well  applies  to  the 
case  of  a  viscous  layer  beneath  the  crust  ;  and  I  have  so 
applied  it,  though  Mr.  Mallet  has  left  it  to  be  inferred  that 
this  most  important  case  has  been  overlooked  by  me.  The 
truth  is  that  I  have  disproved  the  theory  in  this  case  as  well 
as  in  the  other,  taking  the  coefficient  of  friction  as  low  as  ^^  ; 
and  seeing  that  Mr.  Mallet  suggests  ^,  this  value  must  surely 
be  small  enough  to  satisfy  him. 

Again,  referring  to  my  statement  that,  "  if  the  work  of  descent 
of  the  crust  be  not  transformed  into  the  heat  of  volcanic 
energy,  it  may  be  asked.  What  becomes  of  it?"  Mr.  Mallet 
objects  to  my  reply,  that  part  of  it  is  transformed  into  heat 
within  the  nucleus, — and  argues  that  this  cannot  be,  because 
I  assume  that  the  nucleus  itself  is  hotter  than  the  heat  of 
vulcanicity.     I  suppose  Mr.  Mallet  will  admit  that  part  of  the 
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work  of  descent  of  a  hanimor  upon  a  ])ioce  of  icd-liot  iron  is 
transformed  into  boat  within  the  iri)n,  altliounh  the  iron  be 
hotter  than  the  hannner  becomes  throuob  the  work  upon  it  ; 
and  in  principle  the  cases  do  not  differ. 

There  is  in  Mr.  ]\Iallet's  reply  one  ari^ument  which,  if  based 
upon  true  assumptions,  would  be  of  real  im{)ortance.  It  is  as 
follows  : — "  There  is  nothing  to  warrant  the  supposition  that  a 
crust  400  miles  thick,  which  is  the  value  our  author  [taking 
it  from  Mr.  Mallet]  assumes  for  k,  w^ould  be  compressed 
equally  throughout  its  depth  or  crush  sinuiltaneously  through- 
out its  thickness  ;  nor  can  it  be  assumed  that  volcanic  acti- 
vity is  found  uniforndy  diflused  throughout  the  depth  of  such 
a  crust,  but  must  be  supposed  (as  I  have  shown  in  my  original 
paper,  §  87)  to  be  confined  principally  to  the  upper  strata 
of  the  crust,  where,  as  may  easily  be  seen,  in  an  elastic  and 
flexible  crust  local  lateral  displacements  may  take  place  suffi- 
cient to  produce  crushing  and  volcanic  action  without  any 
dragcrinor  of  the  crust  as  a  whole  over  the  nucleus." 

Taking  the  latter  supposition  first ;  if  the  lateral  displace- 
ments be  confined  to  the  upper  strata,  this  merely  makes  the 
nucleus  (for  this  purpose)  larger.  And  my  formula  may  be 
applied  as  for  a  solid  earth,  introducing  such  a  value  of  k  as 
will  correspond  to  the  depth  to  which,  at  any  place,  the  move- 
ments are  supposed  to  extend.  But  it  is  manifest  that  no 
greater  temperature  can  be  obtained  under  these  circum- 
stances. The  case  in  which  a  high  temperature  would  really 
be  induced  would  be  that  wherein  the  Avhole  pressure  was 
sustained  upon  a  small  area  only  of  a  vertical  section,  so  that, 
when  the  rocks  gave  way,  the  crushing  should  be  confined  to 
that  area.  But  in  a  body  like  the  earth,  which  has  gone  on 
cooling  for  so  long,  and  whose  crust  has  been  so  long  sub- 
ject to  the  compressions  required  by  the  theory,  it  is  incon- 
ceivable that  there  should  be  vast,  open,  vertical  chasms,  with 
faces  in  contact  only  here  and  there,  or  even  alternations  of 
hard  and  soft  strata,  under  such  conditions  as  to  have  the 
supposed  effect  in  localizing  the  work.  It  is,  however,  only  on 
the  supposition  of  some  such  arrangements  of  the  rocks  as 
these  that  there  can  be  any  analogy  between  the  localization 
of  heat  in  the  crust  and  the  instances  adduced  by  Mr.  Mallet 
in  a  former  paper,  such  as  those  of  the  ordinary  flint  and  steel, 
or  the  cutting  of  a  file  by  means  of  a  rotating  disk  of  soft  iron. 

As  a  parting  compliment  to  my  paper,  Mr.  Mallet  tells  his 
readers  that  my  concluding  sentences  contain  a  "  string  of  im- 
probable suppositions  not  containing  any  thing  new."  Mr. 
Scrope,  who,  ripe  in  years  and  honours,  has  so  lately  been 
removed  from  us,  took  a  somewhat  different  view.     To  set  up 
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his  authority  upon  the  main  suliject  in  opposition  to  Mr.  Mal- 
let's Avould  be  a  bco;<:5ing  of  the  Avhole  question  in  dispute.  But 
it  will  be  admitted  that  what  was  novel  to  him  in  his  favourite 
subject  could  hardly  be  otherwise  than  new.  I  received  a  letter 
from  him  in  October  last,  in  which,  after  expressing  his  grati- 
fication that  the  results  of  my  calculations  confirmed  his  long- 
held  opinions,  he  added,  "  There  is,  however,  one  of  the  points 
you  put  forward  which  never  struck  mo  before,  but  which 
now  appears  to  me  most  A'aluable,  namely  that  the  enormous 
amount  of  steam  that  has  escaped  from  the  interior  in  early 
times  as  well  as  down  to  the  present,  has  been,  and  is,  the 
cause  of  those  suhsidences  of  the  crust,  to  which  the  basins  of 
seas  and  oceans,  and  the  crumplings  of  the  terrestrial  rocks 
are  oAving,  far  more  than  to  any  general  contraction  of  the 
nucleus  by  cooling." 

I  would  request  any  person  who  may  happen  to  read  this  to 
correct  the  folloAving  error  in  my  former  paper  (Phil.  Mag. 
October  1875)  :— At  p.  316,  line  6,  insert  k',  for  "  li  mile  " 
read  "  533  miles,"  and  dele  the  following  line. 

XVIII.  On  the  Polarization  of  Electrodes  in  Water  free  from 
Air.  By  J.  A.  Flemestg,  B.Sc.  (Lond.),  F.C.S.,  Science 
Master  in  Cheltetiham  College*. 

IN  the  'Electrical  News  '  for  September  2, 1875, 1  published 
a  short  paper,  previously  read  at  the  Meeting  of  the  Bri- 
tish Association  at  Bristol,  entitled  "  The  Decomposition  of  an 
Electrolyte  by  Magneto-electric  Induction."  In  it  experiments 
were  described  showing  that  Avheu  an  electrolyte  (viz.  dilute 
sulphuric  acid)  flows  in  a  very  strong  magnetic  field,  the  elec- 
tromotive force  generated  by  its  motion  etfects  the  electrolysis 
of  the  liquid,  such  electrolysis  being  held  to  be  proved  by  the 
subsequent  polarization  of  the  electrodes.  No  actual  liberation 
of  gases  was  observed,  since  the  electromotive  force  brought 
into  play  Avas  insufficient  to  effect  free  decomposition.  At  the 
time  it  AA'as  read  Professor  H.  A.  RoAA'land  raised  certain 
doubts  as  to  the  correctness  of  the  conclusions  draAvn ;  and  hig 
remarks  Avere  published,  appended  to  my  paper,  in  the  '  Elec- 
trical News.'  As  these  objections  Avould,  if  correct,  haA^e  de- 
prived the  experiments  entirely  of  any  little  interest  they  might 
otherAvise  haA'^e  had  attaching  to  them,  it  AA^as  obAdously  neces- 
sary to  examine  them  carefully. 

Professor  EoAAdand's  remarks  amounted  practically  to  saying 
that  he  thought  the  electrolyte  Avas  not  really  decomposed,  but 
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that  tlie  polarization  observed  was  in  some  way  or  other  due  to 
the  presence  of  dissolved  air,  and  that  in  air-free  licpiid  tho 
efiect  would  not  have  been  observed,  at  any  rate  with  tho  elec- 
tromotive force  (about  -g^  of  a  Daniell's  cell)  Avhich  camo 
into  play. 

To  meet  these  doubts  two  very  definite  questions  have  to  bo 
examined. 

(i)  In  air-free  water,  can  platinum  electrodes  be  polarized 
by  very  small  electromotive  forces  to  the  same  degree  and  with 
the  same  facility  as  in  ordinary  aerated  water  ? 

(ii)  Is  this  very  feeble  polarization  really  a  decomposition 
of  the  electrolyte  ? 

If  the  following  facts  are  held  to  give  an  affirmative  answer 
to  both  the  above  questions,  the  objections  raised  are  invalid 
and  may  be  dismissed. 

To  test  the  first  i)oint,  it  Avas  necessary  to  compare  the  effect 
of  a  small  known  electromotive  force  acting  through  platinum 
electrodes,  first  in  air  free,  next  in  aerated  acidulated  Avater, 
under  identical  conditions.  In  the  former  experiments  the 
electromotive  force  was  generated  in  the  liquid  by  its  motion  ; 
for  my  present  purpose  it  was  sufficient  to  act  on  it  by  an  ex- 
ternal electromotive  force  of  measurable  amount,  since  it  is 
obvious  the  results  hold  good  no  matter  how  it  is  produced. 
The  arrangement  consisted  of  the  following  parts. 

The  decomposing  cell  or  voltameter  Avas  a  glass  tube  30  cen- 
tims.  long,  2j  centims.  Avide,  stopped  at  one  end  by  an  india- 
rubber  stopper,  through  AA'hich  passed  two  platinum  wires 
haAang  Avoided  to  them  on  the  interior  platinum  plates  8  cen- 
tims. long,  2  centims.  Avide,  placed  so  as  to  lie  against  the  Avails 
of  the  tube.  The  other  end  of  the  tube  Avas  connected  by  a 
narroAV  tube  with  the  Sprengel  pump.  The  platinum  plates 
haA'ing  been  rendered  chemically  clean,  the  tube  Avas  three 
parts  filled  Avith  dilute  sulphuric  acid,  which  had  been  previ- 
ously boiled  for  six  hours  so  as  to  expel  some  of  the  dissolved 
air.  A  A'acuum  Avas  then  made  in  the  voltameter ;  and  the  ap- 
paratus remained  untouched  for  fiA^e  days,  the  pumping  being 
carried  on  at  interA^als  and  continued  during  the  experiments. 

To  obtain  a  small  electromotive  force  a  Avell-knoAvn  method 
Avas  made  use  of.  A  Wheatstone's  bridge  had  its  branches 
filled  up  Avith  preAUOusly  measured  resistances,  and  the  other  con- 
nexions made  as  in  the  figure  (p.  144).  Behveon  the  points  P 
and  Q  any  small  difierence  of  potentials  can  be  produced  Avhose 
value  is  knoAvn  Avhen  the  distance  .t  Q  of  the  block  from  the 
point  of  equilibrium  x  is  knoAvn.  The  galvanometer  employed 
Avas  a  Aery  seusitiAO  mirror-galvanometer,  Avith  short  needle 
and  a  long  suspending  fibre.     The  image  of  a  fine  Avire  across 
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the  slit  was  reflected  on  to  a  scale  in  the  usual  way,  and  the 
image  viewed  through  a  telescope  placed  behind  the  galvano- 


W.  Wheatstone's  bridge. 

D.  Daniell's  cell, 

T.  Tangent-galvanometer, 

V.  Voltameter. 

G.  MiiTor-galvanoscope. 

K.  Key. 

S.  Tube  to  Sprengel  pump. 

meter.  By  this  means  it  was  found  possible  to  detect  and 
read  deflections  of  the  needle  amounting  only  to  j^  of  a  degree 
with  great  ease.  With  this  delicate  arrangement  it  was  a 
matter  of  great  difficulty  to  get  the  platinum  plates  perfectly 
neutral.  The  last  traces  of  polarization  from  previous  experi- 
ments subsided  with  extreme  slowness.  The  following  opera- 
tions were  then  performed  : — 

(i)  The  electrodes  were  made  perfectly  neutral. 

(ii)  The  galvanometer  excluded  from  the  circuit,  and  a  direct 
current  sent  through  the  decomposing-cell  for  one  minute. 

(iii)  The  polarization  measured  by  the  swing  made  by  the 
galvanometer-needle  when  the  electrodes  were  suddenly  con- 
nected with  it. 

(iv)  The  swing  or  excursion  made  by  the  needle  when  the 
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same  direct  current  was  started  through  the  cell  and  galvano- 
meter in  one  circuit,  previously  bringing  the  platinum  plates 
to  a  neutral  condition. 

The  tirst  colunm  in  the  suhjoined  Table  gives  the  bridge- 
reading,  the  second  the  electromotive  force  which  this  is  e(j[ui- 
valent  to  in  absolute  units  (C.  G.  S.),  the  third  the  swing  of 
the  needle  with  the  direct  current  (charging),  fourth  the  same 
with  the  polarization  current  (discharge). 

Table  I. — Polarization  in  Acidulated  Water  free  from  Air 
and  kept  in  vacuo. 


Excursion  of  needle  in 

Bridge- 
reading. 

Elect  romotiTe 
force. 

degrees  or  fractions. 

Tii^r^t  „.,«,»„t        Polarization 
Direct  current.          ^^^^^^^ 

o 

o 

275 

12110 

4  barely. 

280 

18165 

Ifull. 

1  nearly. 

285 

24220 

1  nearly. 

i  full. 

290 

30275 

J 

i  nearly. 

300 

42385 

1 

1 

310 

54495 

n 

i 

320 

66605 

2 

1  nearly. 

330 

78715 

H 

s 

'6 

340 

90825 

350 

102935 

3 

"i 

400 

115045 

!            5 

1 

450 

224035 

,           7 

If 

500 

284585 

!     10 

2i 

Since  a  Daniell's  cell  is  about  100,000,000  units  in  electro- 
motive force,  the  above  Table  shows  that,  with  the  galvano- 
meter employed,  the  least  electromotive  force  which,  acting 
for  one  minute  under  these  circumstances  on  platinum  plates 
of  16"39  centims.  surface,  would  leave  a  detectable  polarization, 
was  about  -^^q  of  a  Daniell's  cell. 

The  observations  having  been  repeated  several  times  with 
the  same  results,  the  dilute  acid  was  then  removed,  and  tho- 
roughly aerated  by  shaking  it  up  with  air  under  pressure,  and 
by  bubbling  air  through  it  for  some  time.  This  aerated  water 
was  then  returned  to  the  voltameter,  all  other  arrangements 
remaining  the  same,  and  the  same  observations  repeated  in  this 
case  as  in  the  last.     The  results  are  appended. 
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Table  II. — Polarization  in  Acidulated  Water  thoroughly  well 

aerated. 


Bridge- 
roadiug. 

Electromotive 
force. 

Excursion  of  needle  in 
degrees  or  fractious. 

Direct  current. 

Polarization 
current. 

275 

280 
285 
290 
300 
310 
320 
330 
340 
350 
400 
450 
500 

12110 

18165 

24220 

30275 

42385 

54495 

66605 

78715 

90S25 

102935 

115045 

224035 

284585 

o 

i  barely. 

2 

1 
I 

11 

2    barely. 
2 

s' 

5 

7 
10 

o 

i 

^  barely. 

4  barely. 

1 

1  barely. 

2i 

An  examination  of  these  two  Tables  shows  that  there  is  very 
little  difference  between  them  which  cannot  properly  be  ascribed 
to  errors  in  observation.  There  is  no  difference  in  the  mini- 
mum electromotive  force  which  could  give  in  each  case  a  visible 
polarization  with  the  galvanometer  employed.  But  now  there 
was  one  very  striking  difference  between  the  two  sets  of  exjje- 
riments,  not  shown  in  the  Tables,  viz.  the  time  required  after 
each  experiment  for  the  polarization  to  subside.  In  the  case 
of  the  aerated  water,  the  polarization  disappears  very  mucli 
more  quickly  when  the  plates  are  short,  circuited  than  in  the 
case  of  the  air-free  Avater.  With  this  latter  it  was  most  trouble- 
some to  get  rid  of  the  last  traces,  even  with  the  smallest  pola- 
rizing currents.  This  has  been  previously  noticed  and  ex- 
plained by  Helmholtz  *.  It  is,  however,  a  point  not  involved 
in  our  present  considerations. 

A  consideration  of  these  observations  leads  apparently  to  the 
conclusion  that  the  presence  of  air  in  the  water  has  no  effect  in 
creating  or  assisting  the  polarization  of  the  electrodes  under  a 
feeble  electromotive  force  (it  is  difficult  to  see  any  reason 
why  it  should),  although  it  has  a  great  effect  in  removing  it 
when  once  formed.  The  process  called  by  Helmholtz  electro- 
lytic convection,  and  in  which  dissolved  air  is  essential,  is  the 
consequence  and  not  the  cause  of  polarization. 


*  Phil.  Mag.   [IV.l  vol.  xlvii.  p.  152,  Dr.  Helmholtz  '^Ou  Galvanic 
Polarization  in  Liquids  free  from  Gas." 
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It  is  not  truo  that  it  requires  any  definite  eloctroniotivo 
force  to  begin  to  polarize  electrodes  in  air-free  water ;  any  elec- 
tromotive force, howcAor  small,  will  do  it.  Its  detection  is  only 
a  (luestion  of  a  sufficiently  delicate  galvanometer  ;  and  we  may 
therefore  say  that  any  electromotive  foi'ce,  however  feel  )le,  act- 
ing on  platinum  electrodes,  builds  up  a  corresponding  amount 
of  ])olarization  etpially  in  air-free  as  in  aeraied  Avater.  But  no 
liberation  of  free  gas  is  possible  undcn*  these  circumstances, 
until  the  external  electromotive  force  just  exceeds  the  counter- 
electromotive  force  of  the  electrodes  when  polarized  to  their 
fullest  extent. 

With  regard  to  the  second  question,  Avhether  polarization, 
however  small,  moans  literal  chemical  decomposition,  I  am  not 
aware  that  it  has  ever  been  called  into  question!.  There  is 
abundant  evidence  to  show  that  it  is  not  a  mere  physical  state 
of  the  chemically  unaltered  electrolyte,  but  that  there  is  some- 
thing deposited  on  the  electrodes  which  can  only  be  the  pro- 
ducts, primary  or  secondary,  of  electrolysis.  Although  a  vol- 
tameter charged  by  a  weak  electromotive  force  resembles  very 
closely  a  condenser,  yet  there  is  something  very  different  be- 
tween the  state  of  strain  or  electrical  displacement  in  a  con- 
denser's dielectric  and  the  electrolyte  after  having  had  a  current 
pas^ed  through  it. 

That  even  very  feeble  polarization  does  really  in  every  case 
consist  in  the  deposition  of  products  of  an  unseen  electrolysis 
in  or  on  the  electrodes  receives  support,  in  addition  to  many 
other  facts,  from  the  following  : — Platinum  plates  were  placed 
in  the  inside  of  a  vertical  glass  tube,  and  made  to  conmiunicate 
with  the  outside  by  wires  sealed  through  the  glass.  The  tube 
was  so  arranged  that  dilute  acid  could  be  made  to  flow  down 
through  the  tube  from  a  reservoir,  without  the  plates  being  ever 
exposed  to  air.  The  tube  being  full  of  acid,  the  platinum 
plates  were  now  polarized  feebly.  If  the  acid  Avas  alloAvcd  to 
floAV  out  slowit/,  so  as  to  gradually  replace  the  li(|uid  which  Avas 
betAveen  the  plates  AA'hen  polarized  by  other  fresh  acid,  the 
plates  gave,  on  discharge,  a  nearly  equal  current  to  that  Avhich 
they  would  haA'e  given  if  no  replacement  had  been  made  ;  but 
if  the  liquid  Avas  made  to  rush  doAvn  violently  and  then  stopped, 
little  or  no  polarization  Avas  found,  proAdded  the  plates  had  been 
only  slightly  polarized.  If  the  plates  Avere  defended  by  strips 
of  cloth  laid  over  them,  no  such  remoA'al  Avas  effected  by  the 
liquid  ru'^hing  doAvn.  This  all  seems  to  indicate  that  there  is 
something  on  the  plates  Avhich  can  be  w'q>ed  off  UK^chanically. 
This  can  only  be  the  products  of  electrolysis.  This  experiment 
has  no  analogy  in  a  condenser.  These  and  many  other  facts 
seem  to  point  out  that  polarization  is  in  all  cases  only  unseen 
electrolysis. 
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In  conclusion  I  cannot  but  think  that  the  objections  raised 
to  the  tbrnier  experiments  were  groundless,  and  that,  when  it 
is  found  that  a  stream  of  acidulated  water  flowing  down  between 
the.  poles  of  a  magnet  polarizes  platinum  plates  placed  in  it,  we 
are  entitled  to  call  it  chemical  decomposition,  since  it  would 
only  be  necessary  to  exalt  the  magnet's  power  and  increase  the 
velocity  of  flow  in  order  to  see,  under  certain  precautions,  the 
liberated  gases  streaming  from  the  plates. 
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An  Elementary  Treatise  on  Laplace's  Functions,  Lame's  Functions, 
and  Bessel's  Functions.  B;/  I.  Todhxjntek,  M.A.,  F.R.S.,  Hono- 
rary Fellow  of  St.  JoJm's  College,  Cambridge.  Crown  8vo, 
pp.  348.   Londou :  Macmillan  and  Co.  1875. 

nnHIS  volume  is  designed  as  a  continuation  of  the  authors's  two 
-■-  previously  published  volumes  on  the  Differential  and  Integral 
Calculus  respectively.  N'early  two  thirds  of  it  (and  these  are  the 
parts  to  M'hich  our  remarks  will  be  restricted)  are  devoted  to  an 
investigation  of  the  properties  of  Laplace's  Functions.  This  sub- 
ject has  been  hitherto  treated,  at  all  events  in  English  books,  in 
subordination  to  their  immediate  application  to  physical  questions. 
Thus,  they  have  been  treated  by  Pratt  and  O'Brien  with  a  view  to 
their  application  to  Attractions  and  the  Figure  of  the  Earth  ;  by 
Murphy,  to  the  Theory  of  Electricity ;  and  in  the  treatise  on 
Natural  Philosophy  by  Sir  William  Thomson  and  Professor  Tait 
their  properties  are  discussed,  under  the  name  of  Spherical  Har- 
monics, in  an  appendix  to  the  Kinematical  Introduction  to  that 
work.  Mr.  Todhunter  has  made  the  properties  of  these  functions 
the  subject  of  a  substantial  treatise,  and  has  thereby  done  good 
ser^-ice  to  the  comparatively  few  students  who  are  likely  to  make 
acquaintance  with  a  calculus  "  the  most  singular  in  its  nature  and 
the  most  powerful  in  its  applications  that  has  ever  appeared"*; 
but  whose  fundamental  points  are  hard  to  understand,  and  whose 
applications  are  not  without  obscurity. 

If  the  distances  of  two  points  from  the  origin  of  coordinates  are 
r  and  r ,  and  if  they  contain  an  angle  /3,  the  distance  of  the  points 
from  each  other  is  proportional  to  (1— 2a  cos /3  +  a")s,  where  a 
denotes  the  ratio  of  r  to  r .  We  may  write  this  in  rather  a 
generalized  form  {l—2ax-\-u)h.  If  now  we  denote  the  reciprocal 
of  this  expression  by  U  and  expand  it  in  a  series  of  ascending 
powers  of  a,  the  general  term  will  be  P  n»,  where  P„  or,  as  it  is 
sometimes  convenient  to  ^vrite  it  Pn(*')j  i^  ^  rational  and  integral 
function  of  x.  To  these  functions  Mr.  Todhunter  gives  the  name 
of  Legendre's  coefficients,  and  he  devotes  130  pages  to  an  exposi- 

*  Airy,  'Figure  of  the  Earth,'  p.  192. 


JVotiirs  re.yH'ctin(/  jW-w  Books.  141) 

tion  of  their  properties.  This  part  of  the  subject  does  not  present 
any  serious  difliculty,  es])ecially  as  in  it  we  have  to  deal  with 
functions  of  but  one  independent  variable.  It  is  easily  shown  that 
P,  satisfies  the  equation 

-^  {  (l-^vi^p  ]  +».(«  +  l)P.=0 :    (1) 

this  equation  will  have  a  second  solution  which  can  be  obtained  in 
a  finite  form,  and  which  Mr.  Todhunter  calls  "  a  coefficient  of  the 
second  kind."  It  is  easily  shown  that  any  rational  function  of  x 
can  be  expressed  in  terms  of  Legendre's  coefficients.  This  suggests 
the  question,  Can  any  function  of  .r  be  so  expressed  ?  The  dis- 
cussion of  this  question  pelds  the  following  answer  : — If 

/(a-)  =  «„+«,P.  +  «.P,+ , 

the  constants  a^,  «,,  a^,  .  .  .  have  determinate  values.  Next,  no 
second  form,  such  as  bg  +  b^F^  +  b^'P^+  .  .  .  can  exist.  In  the 
third  place,  the  expression  is  always  practicable,  provided  the 
scries,  whose  general  term  is 


£ 


Pn(.^•)J_^Pn(.^•)/(.^•M.^■ 

is  finite ;  but  whether  the  series  is  necessarily  finite  or  not  is  not 
shown;  and  here  the  discussion  comes  to  an  end  with  this  difficulty 
left  in  it.  Further  on,  however  (art.  220),  the  series  is  shown  to 
be  finite,  provided  x  is  less  than  iniity. 

It  is  not  hard  to  see  why  these  functions  should  be  thus  minutely 
treated.  In  the  first  place,  they  are  important  for  their  own  sake  ; 
in  the  next,  their  discussion  forms  the  best  possible  introduction 
to  that  of  Laplace's  functions,  of  which  they  are  a  sort  of  parti- 
cular case.  If  we  suppose  the  position  of  the  points  to  be  expressed 
by  means  of  their  polar  coordinates  (r,  6,  <f)  and  {r ,  8',  <j>'),  the 
quantity  denoted  by  x  in  the  above  expression  for  U  becomes 
sin0  sin0'  cos  (^ — 0')  +  cos0  cos0', 

and  the  coefficients  of  the  expansion  are  no  longer  functions  of  a 
single  variable  x,  but  of  two,  viz.  0  and  0,  or  it  may  be  &  and  0', 
and  are,  in  fact,  Laplace's  coeflicients.  As  is  well  known,  the  nth 
of  them  (say  Y„)  satisfies  the  equation 

where  /i  stands  for  cos0.  The  above  equation  (1)  is  strictly  analo- 
gous to  this  equation,  and  is,  indeed,  a  particular  case  of  it.  lu 
this  case  we  shall  have  numerous  solutions,  any  one  being  a  "  La- 
place's Function  of  the  nth.  order,"  while  the  particular  case  which 
gives  a  coefficient  in  the  expansion  of  U  is  a  Laplace's  Goejfficient 
of  the  nth  order. 

From  this  account  of  the  matter  it  will  be  seen  how  the  author 
gradually  leads  the  student  up  to  the  difficulties  of  the  subject ; 
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and  pariicularl}'-  to  what  may  bo  regarded  as  the  iimln  difficulty, 
viz.  the  thoorciu  thai  "  any  luncliou  of  fx  and  ^  can  be  expressed 
in  a  series  of  Laplace's  functions" — a  theorem  of  the  utmost  im- 
portance in  mathematical  physics,  and  about  \\hich  much  has  been 
written.  IMr.  Todhuuter  gives  four,  and  refers  to  a  fifth  method 
of  proving  it.  But  we  infer  from  his  statements  about  some,  and 
from  the  way  in  which  the  other  demonstrations  are  given,  that  he 
is  not  satisfied  with  any  of  them,  and  that  he  regards  a  proof  clear 
of  all  objection  as  yet  to  seek, — an  inference  strengthened  by  a 
casual  remai'k  on  p.  259,  viz.  "  Admitting  that  the  possibility  of 
expansion  in  a  series  of  Laplace's  functions  has  been  established, 
we  may  &c."  At  all  events,  this  is  what  he  does  :  he  gives  a  me- 
thod which  "  is  in  substance  frequently  repeated  in  the  writings 
of  Poisson,"  and  remarks  that  though  instructive  it  cannot  be 
considei'ed  perfectly  conclusive ;  he  notices  M.  Bonnet's  proof, 
and  remarks  that  it  seems  unsound ;  he  then  gives  two  others,  ob- 
serving of  the  former  that  it  is  doubtful  whether  it  ought  to  be 
accepted  as  satisfactory,  and  leaving  the  latter  without  remark. 
He  then  devotes  two  chapters  to  Dirichlet's  proof,  the  former  con- 
tainiug  introductory  matter,  the  latter  the  proof  itself;  but  he 
produces  this  proof  not,  apparently,  because  he  is  convinced  of  its 
cogency,  but  because  he  is  "  swayed  by  the  judgment ''  of  certain 
eminent  mathematicians.  The  difficulty  is  an  old  one,  and  seems 
to  have  been  first  insisted  on  by  Ivory  ;  and  this,  it  must  be  owned, 
is  not  a  very  satisfactory  way  of  leaving  it ;  but  if  there  is  no  one 
decisive  proof  of  the  point  at  issue,  no  better  course  lies  open  either 
to  student  or  author  than  the  one  actually  adopted. 

We  have  not  space  to  notice  the  contents  of  the  latter  part  of 
the  volume ;  but  we  may  just  mention  that  it  is  devoted  to  two 
subjects,  Lame's  fiuictions  and  Bessel's  functions.  The  foinner  are 
a  sort  of  generalization  of  Laplace's  functions ;  instead  of  the 
variables  r,  d,  <p,  they  involve  X,  fi,  v,  which  are  the  ellijptic  coordi- 
nates of  a  point,  i.  e.  of  a  point  determined  by  the  intersection  of 
three  surfaces  of  the  second  order  into  whose  equations  X,  fi,  v 
respectively  enter  as  parameters.  The  latter  belong  to  an  entirely 
independent  subject.     If  we  consider  the  equation 

da?     X     (ba     \       or) 
and  obtain  m  in  a  series  of  ascending  powers  of  x,  the  solution  is 

Qi'"  1 1 '^ + — -&c.  1 . 

I         2(2«  +  2)     2.4(2>i  +  2)(2n  +  4)  J 

Now  for  C  use  the  reciprocal  of  2T0i+l),  and  this  expression 
becomes  what  is  called  a  Bessel's  function,  n  being  any  real  quan- 
tity algebraically  gi-eater  than  —  1,  and  x  any  real  quantity. 

Though  the  work  is  mainly  taken  up  with  processes  and  witli 
the  properties  of  the  functions  under  review,  yet  Mr.  Todhunter 
has  indicated  here  and  there  some  of  the  applications  which  may 
be  made  of  the  formulae.     Most  students  will  find  this  very  useful  ? 
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Ihoy  are  apt  to  regartl  a  book  liko  tlio  pi'esont  as  containing  little 
moi-o  than  a  eorios  of  nianipnlations  of  symbols;  and  it  is  greatly 
to  their  advantage  to  see  the  results  applied  to  concrete  cases. 
Thus  Chap.  X.  is  devoted  to  the  question  ol"  approximate  quadra- 
ture in  the  case  when  it  is  effected  by  ordinatcs  at  unequal  dis- 
tances, so  taken  as  to  ensure  the  best  result ;  at  p.  128,  there  is 
an  application  of  Legendre's  functions  to  the  determination  of  the 
temperature  of  a  sphere  cooling  inuler  assigned  conditions  ;  and 
Chap,  XXV.  is  devoted  to  similar  questions  of  a  more  general  charac- 
ter. Still,  questions  of  this  kind  come  in  only  incidentally,  and 
the  student  is  cautioned  that  for  applications  he  must  look  elsewhere. 
The  author  states  that  his  demonstrations  have  been  carefully 
chosen  so  as  to  bring  under  the  attention  of  students  some  of  the 
most  instructive  processes  of  modern  analysis ;  and  we  may  add 
that  students  may  consider  themselves  fortunate  in  having  a  guide 
to  these  subjects  who  is  not  only  intimately  acquainted  with  them, 
but  willing  to  expound  them  in  a  form  well  suited  to  the  needs  of 
the  learner. 

Solid  Geometry.     By  Peecival  Feost,  M.A.,  formerly  Fellow  of 
St.   Jolm^s    College,   Mathematical   Lecturer    at    King's    College. 
Vol.  I.     8vo,  pp.  422.     London  :  Macmillan  and  Co.  1875. 
This  work  is  the  first  volume  of  a  second  edition  of  the  '  Treatise 
on  Solid  Geometry '  published  some  years  ago  by  Messrs.  Frost 
and  AVolstenholme.     Owing  to  the  removal  of  the  latter  gentleman 
from  Cambridge,  the  preparation  of  the  present  edition  has  de- 
volved on  Mr.  Frost,  who  has  greatly  altered  the  work  both  in 
form  and  substance,  and  has  made  additions  which  bring  the  first 
volume  nearly  up  to  the  size  of  the  original  treatise.    The  subject  is 
one  that  may  be  studied  either  for  its  own  sake  by  those  who  are 
interested  in  pure  Geometry,  or  for  its  use  in  physical  investiga- 
tion.    The  student  who  regards  it  from  the  latter  point  of  view 
will  find  nearly  all  that  he  needs  in  the  volume  before  us,  as  well  as 
something  more  ;  thus,  he  might  omit  the  chapter  on  quadriplanar 
and  tetrahedral  coordinates,  that  on  the    four-point    coordinate 
system,  and  a  few  connected  subjects,  which  occupy  in  all  about 
one  sixth  part  of  the  volume.     In  the  remaining  five  sixths  of  the 
volume  the  subjects  are  much  the  same  as  those  contained  in  the 
older  books — such  as  were  in  use  in  Cambridge  twenty  or  five-and- 
twenty  years  ago.     Bearing  in  mind  that  the  volume  before  us  is 
only  about  half  of  the  whole  work,  we  obtain  in  some  sort  a  mea- 
sure of  the  enormous  progress  made  by  the  science  of  pure  Geo- 
metry within  the  last  three  or  four  decades. 

If  we  compare  w  hat  we  may  call  the  older  part  of  the  volume 
with  Leroj^'s  '  Analyse  appliquc'e  a  la  Ge'ometrie  des  trois  dimen- 
sions'— a  work  to  which  the  wi'iters  of  the  older  Cambridge  books 
were  under  great  obligations — we  shall  find  not  only  a  great  differ- 
ence in  the  methods  employed,  but  that  incidentally  much  new 
matter  has  been  introduced.  Thus,  even  in  so  elementary  a  part 
of  the  subject  as  the  chapter  on  planes,  scleral  points  come  under 
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notice  for  which  we  should  look  iu  vain  in  the  earlier  treatise.  lu 
the  advanced  parts  the  additions  are  still  more  numerous,  as  in 
the  chapter  on  tortuous  curves,  Avhere  the  suhject  of  their  curva- 
ture, their  normal  and  osculating  planes,  and  the  connected  lines 
and  developable  surfaces  are  admirably  worked  out.  Here  the 
subjects  discussed  are  perhaps  twice  as  numerous  as  those  in  the 
corresponding  chapter  of  the  earlier  work.  A  similar  remark 
applies  to  the  discussion  of  surfaces  of  the  second  degree,  which, 
of  course,  occupies  a  large  part  of  the  volume.  Thus  the  reduc- 
tion of  the  general  equation  of  the  second  degree  is  not  only 
effected  by  modern  methods,  but  the  discussion  is  very  complete, 
while  the  chapters  on  confocal  surfaces  and  on  the  modular  and 
umbilical  generation  of  "  Conicoids  "  contain  parts  of  the  subject 
which  have  been  worked  out  only  of  late  years. 

It  will  be  observed  that  Mr.  Frost  uses — or,  as  he  puts  it, 
persists  iu  using — the  word  conicoid  for  the  locus  of  the  equation 
of  the  second  degree.  We  will  state  his  reasons  for  doing  so. 
After  objecting  to  the  word  quadric  for  what  seems  a  cogent 
reason,  he  proceeds  thus  : — 

"  The  useful  word  '  conic '  being  well  established,  the  term 
'  conicoid  '  seems  to  suggest  all  that  can  be  required,  when  it  is  em- 
ployed to  designate  the  locus  of  the  equation  of  the  second  degree 
in  three  dimensions,  at  least  so  long  as  the  analogous  words  sphe- 
roid, ellipsoid,  and  hyperboloid  are  in  use;  at  all  events  it  is  not  open 
to  the  great  objection  of  being  equally  applicable  to  plane  curves, 
as  is  the  term  quadric,  cubics  and  quartics  being  actually  so  em- 
ployed in  Salmon's  '  Higher  Plane  Curves'  (p.  viii)." 

The  work  is  designed  for  the  use  of  students  of  a  high  class, 
who  wish  to  obtain  a  thorough  acquaintance  with  the  subject;  and 
consequently  it  presupposes  on  their  part  a  knowledge  of  the 
ordinary  processes  of  analysis.  Those  who  come  to  the  stud}'"  of 
it  thus  prepared  will  find  few  difficulties  but  such  as  are  inherent 
in  a  somewhat  abstruse  subject.  The  author  seems  to  have  done 
all  that  could  be  desired  in  the  way  of  remomig  the  difficulties  that 
jield  to  clear  and  brief  exposition.  To  each  chapter  is  added  a  col- 
lection of  examples  and  exercises — between  four  and  five  hundred 
in  all.  Examples  are  very  useful  in  such  a  work  as  the  present ; 
but  to  frame  them  successfully  requires  the  exercise  of  mathema- 
tical knowledge  and  ingenuity  of  a  high  order.  In  the  first  edition 
these  exercises  were  mainly  due  to  Professor  AV^olstenholme,  whose 
skill  in  that  department  of  mathematics  is  well  known.  In  the 
present  edition  the  collection  has  been  enlarged  by  contributions 
supplied  by  many  Cambridge  mathematicians, as  well,  we  presume, 
as  by  the  author  himself. 
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June  17,  1875. — Joseph  Dalton  Hooker,  C.B.,  President,  in 
the  Chair. 
''j"'JIE  following  Papers  were  read: — 

"  On  the  Cliange  prodiu-ed  by  ^Magnetization  in  the  Electrical 
Resistance  of  Iron  and  Steel. — Prelimitiary  Notice."  (Communi- 
cated by  Professor  W.  (r.  Adams,  F.E.8. 

For  some  time  past  Mr.  Herbert  Tonilinson,  Demonstrator  in  the 
Physical  Laboratory  of  King's  College,  has  been  engaged  in 
carrying  out  a  series  of  experiments  on  this  subject,  and  also  on 
the  eil'ect  of  change  of  tension  on  the  electrical  resistance  of  steel 
and  iron  wires. 

In  measuring  the  resistances  of  the  short  lengths  of  the  wires 
or  rods  which  were  employed,  a  nnit  was  chosen  which  was  a 
small  fraction  of  the  British-Association  nnit. 

Experiments  were  made  with  rods  of  soft  iron  about  one  eighth 
of  an  inch  thick,  with  soft  steel,  and  also  with  steel  of  different 
degrees  of  hardness. 

With  a  rod  of  soft  iron  about  3  feet  long  there  was  an  increase 
of  resistance  of  about  1  per  cent,  on  magnetizing  with  two  Grove's 
cells.     The  whole  resistance  of  this  rod  was  32  units. 

The  experiments  were  repeated  ^^■ith  the  rod  placed  in  ice  and 
also  in  water  at  the  ordinary  temperature  (about  15°  C),  and  with 
nearly  the  same  change  in  the  resistance  of  the  rod.  The  change 
in  the  teuiperature  of  the  water  was  found  to  be  about  1°  C.  during 
the  experiment. 

Another  rod  of  soft  iron  was  employed  whose  resistance  was  50 
units.  The  magnetizing  current  w^as  measured  by  means  of  a  tan- 
gent-galvanometer, and  the  resistance  was  measured  by  means  of 
Wheatstone's  bridge.  There  was  found  to  be  an  increase  in  the 
resistance  of  the  rod  when  it  \Aas  converted  into  a  magnet  by 
sending  the  magnetizing  current  through  a  wire  which  was  coiled 
round  it  in  the  form  of  a  spiral. 

It  was  found  that  the  electrical  resistance  was  iuci'eased  when 
any  addition  was  made  to  the  strength  of  the  magnetizing  current. 
When  the  increase  in  the  electrical  resistance  was  divided  by  the 
square  of  the  strength  of  the  magnetizing  current,  a  series  of 
numbers  was  obtained  which  did  not  differ  much  from  one 
another ;  the  values  of  these  numbers  mostly  lie  between  3  and  4. 

When  the  magnetizing  current  is  considerably  increased,  the 
ratio  of  the  increa^^e  in  the  resistance  to  the  square  of  the  mag- 
netizing current  diminishes  rather  rapidly. 

A  similar  series  of  experiments  was  made  with  a  thick  knitting- 
needle  made  of  soft  sUel.  The  resistance  of  the  needle  was  29 
units.     In  this  case  also  the  resistance  was  found  to  increase  when 
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the  strength  of  the  magnetizing  current  was  increased.  On  di- 
viding the  increase  o£  resistance  by  the  square  of  the  magnetizing 
current,  the  numbers  obtained  from  a  considerable  number  of  ex- 
periments lie  between  4*7  and  5*6,  showing  that  the  ratio  of  the 
increase  of  resistance  to  the  square  of  the  magnetizing  current 
is  very  nearly  constant. 

"When  the  magnetizing  current  is  considerably  increased,  this 
ratio  is  found  to  diminish,  just  as  in  the  case  of  soft  iron. 

Different  kinds  of  lianl  steel  were  tried. 

(1)  An  ordinary  knitting-needle,  of  which  the  resistance  was 
66-5  units. 

On  magnetizing  with  currents  of  different  strengths,  there  was 
found  to  be  a  diminution  in  the  resistance ;  and  it  was  also  found 
that  the  diminution  of  resistance  increased  when  the  strength  of  the 
ciu'reut  was  increased.  With  currents  varying  from  tan  15°  to 
tan  54°  30'  the  diminution  amounted  to  4-33,  i.  e.  about  G*5  per 
cent,  of  the  whole  resistance.  The  temperature  increased  about  2° 
C  during  the  experiment. 

Dividing  the  loss  of  resistance  by  the  square  of  the  mag- 
netizing current,  the  results  of  four  sets  of  experiments  gave 
the  following  values ; — 

•^^^     =2-29, 


(tan  15°)- 

•7525 

(tan  30°)'^ 

2-3225 

(tan  45°  307 

4-330 


=2-26, 
=2-24, 
=2-21. 


(tan  54°  30')'^ 

Four  Grove's  cells  were  employed  for  the  strongest  current. 

Two  other  experiments  which  had  been  tried  previously  gave 
results  2*30  and  2-26  for  the  ratio  of  the  diminution  of  resistance 
to  the  square  of  the  magnetizing  current,  thus  showing  that  the 
diminution  in  the  resistance  is  almost  exactly  propox'tional  to  the 
square  of  the  current. 

The  diminution  in  resistance  does  not  take  place  all  at  once, 
but  gradually,  and  also  ceases  gradually  when  the  current  is 
stopped. 

(2)  A  steel  needle  was  also  magnetized  longitudinally  by  placing 
it  on  a  copper  strip  at  right  angles  to  the  lines  of  force  of  a  current 
across  the  strip. 

There  was  found  to  be  diminution  of  resistance  on  increasing 
the  current.  The  values  obtained  from  two  series  of  experiments 
were : — 

•064  ^ 

(tan  S'' 30')'      "      ' 
(tan  15°)  -"^^'^' 
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With  stronger  currents  this  ratio  was  found  to  diminish. 
On  magnetizing  the  wires  transversely  by  sending  a  current  in 
the  direction  of  their  length,  a  diminution  of  resistance  was  also  ob- 
served, wliich  dimiuutiou  also  increased  when  the  strength  of  the 
current  was  increased. 

When  a  current  was  sent  along  the  wire  itself,  on  increasing 
the  current  there  was  found  to  be  also  a  diminution  of  resistance 
in  the  case  of  hard  steel,  and  au  increase  of  resistance  in  the  case 
of  soft  iron  and  soft  steel. 

Thus  the  effects  produced  are  the  same  as  those  due  to  trans- 
verse magnetization  by  a  neighbouring  current. 

Conclusions  to  be  drawn  from  the  experiments : — 

(1)  The  effect  of  passing  any  current  through  a  bar  of  hard  steel 
is  to  diminish  its  resistaiiee,  and  through  a  bar  of  soft  iron  or  soft 
steel  is  to  increase  its  resistance. 

(2)  When  a  bar  of  hard  steel  is  magnetized  by  sending  a  cuiTcnt 
through  a  coil  which  encloses  it,  there  is  a  diminution  of  re- 
sistance which  is  directly  proportional  to  the  square  of  the  mag- 
netizing current  up  to  a  certain  limit. 

(3)  When  soft  steel  or  soft  iron  is  magnetized  longitudinally  or 
transversely,  there  is  an  increase  of  resistance  which  is  nearly  pro- 
portional to  the  square  of  the  magnetizing  current. 

"  The  Action  of  Light  on  Selenium."  By  Prof.  W.  G.  Adams, 
M.A.,  F.E.S. 

The  paper  contains  an  account  of  several  series  of  experiments 
made  in  December  and  January  last  on  this  subject  with  the 
new : — 

(1)  To  determine  whether  the  change  in  the  electrical  resistance 
of  the  selenium  is  due  to  radiant  heat,  light,  or  chemical  action. 

(2)  To  measure  the  amount  of  the  change  of  resistance  due  to 
exposure  to  light  from  different  sources  and  through  various  ab- 
sorbing media. 

(3)  To  determine  whether  the  action  is  instantaneous  or  gra- 
dual, and,  if  possible,  to  measure  the  rate  at  which  the  action  takes 
place. 

The  selenium  formed  one  of  the  four  resistances  in  a  AVheat- 
stone's  bridge ;  and  its  average  resistance  was  about  2|  megohms. 

The  two  resistances  in  the  bridge,  which  were  kept  constant, 
were  4  and  2000  ;  so  that  the  resistance  of  the  selenium  was  5(»0 
times  the  variable  resistance  required  to  balance  it, 

E  is  taken  to  represent  this  resistance  required  to  balance  the 
selenium.  The  box  containing  the  selenium  was  laid  on  its  side 
and  had  a  draw-lid,  which  was  kept  closed  except  when  exposure 
was  made.  In  front  of  the  draw-lid  was  a  black  screen  with  an 
opening  opposite  to  the  selenium  G  centims.  by  3^  centims.,  in  which, 
or  in  front  of  which,  various  absorbing  media  could  be  placed. 

The  absorbing  media  employed  were  bichromate  of  potash,  sul- 
phate of  copper,  ruby,  orange,  green,  and  blue  glasses.  Plates  of 
rock-salt,  alum,  mica,  and  quartz  were  also  employed. 
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Witli  t}ie  lid  of  the  box  on,  the  resistauco  of  the  selenium  was 
moasiUTil,  aucl  was  foimtl  to  increase  slowly  and  regularly  in  con- 
sequence of  the  heating  by  the  current.  In  most  of  the  experi- 
ments a  battery  of  30  Leclaneho  cells  was  employed. 

It  was  found  that  the  higher  the  battery-power  the  less  is  the 
resistance  of  the  selenium.  Experiments  with  5,  30,  and  35  cells 
gave  the  following  results  :  — 

llesistance  E  with    5  cells   5400  ohms. 

„       35     „      4400     „ 

»  „         -"^     „      5400     „ 

,,       30     „      4600     „ 

After  some  hours  : — 

Eesistance  E  with  30     „      4800     „ 

5 J  j»         5     ,,      5/50     „ 

This  diminution  of  resistance  with  increased  battery-power  may 
be  accounted  for  in  part  by  leakage  from  the  rheocord  ;  and  there 
may  be  also  an  opposing  elccti'omotive  force  similar  to  polarization 
brought  into  action  in  the  selenium  when  the  current  is  passing 
which  increases  with  the  current. 

Exposure  to  light  diminishes  the  resistance  of  selenium. 

This  may  be  accounted  for  by  either  of  two  hypotheses  : — 

(1)  That  light  acting  on  tlie  selenium  sets  up  a  polarization 
current  in  it  which  opposes  the  battery-current  passing  through  it. 

(2)  That  light  makes  the  selenium  a  better  conductor  of  electri- 
city by  producing  a  change  in  its  surface  similar  to  the  change 
which  it  produces  on  the  surface  of  a  phosphorescent  body,  by  which 
that  body  is  enabled  to  give  out  light  after  it  has  been  exposed. 

With  the  same  battery-power,  an  increase  in  the  temperature 
causes  an  increase  in  the  resistance  of  the  selenium. 

In  December,  before  the  extreme  cold,  the  resistance  E  ^^•ith 
30  cells  was  about  5200.  Throughout  the  extreme  cold,  from 
December  18  to  January  4,  the  resistance  E  was  about  4400. 
This  was  the  value  of  E  at  1  p.m.  on  January  1st,  a  bright  cold  day. 
On  January  5  the  temperature  out  of  doors  changed  to  44°  F.  in 
the  shade  at  12  o'clock,  and  the  value  of  E  was  found  to  be  5400. 
These  values  were  obtained  before  the  box  was  opened,  and  were 
the  first  experiments  made  on  the  days  named. 

When  first  exposed  after  being  closed  up  for  some  days  or  even 
hours,  the  selenium  is  more  sensitive  to  light :  this  sensitiveness 
increases  with  the  time  during  which  the  selenium  has  been  kept 
in  the  dark  ;  hence  the  first  experiment  is  generally  not  compara- 
ble with  the  others. 

On  exposure  to  light  the  resistance  is  diminished  ;  but  on  being 
again  eclipsed,  the  selenium  returns  in  a  very  few  minutes  nearhj 
to  its  previous  resistance. 

The  change  of  resistance  produced  by  exposure  to  daylight  some- 
times amounts  to  one  fourth  of  the  whole  resistance  of  the  sele- 
nium. 

The  experiments  with  various  absorbing  media  seem   to  show 
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that  the  action  through  media  which  absorb  all  the  more  chemically 
active  rays  is  very  nearly  as  great  as  wheu  they  are  not  interposed, 
so  that  the  chemical  rays  produce  very  little  effect. 

Experiments  with  the  lime  light,  with  rock-salt,  alum,  and 
quartz,  and  their  combinations,  two  together,  show  that  the  resist- 
ance diminishes  at  the  same  I'ate  as  the  illumination  increases. 
This  seems  to  show  that  the  action  is  almost  entirely  due  to  the  illu- 
minating power  of  the  light  falling  on  the  selenium. 

Experiments  with  the  electric  light,  with  smoked  rock-salt,  alum, 
and  a  solution  of  iodine  in  bisvdphide  of  carbon  show  that  the  ob- 
scure heat-rays  do  not  act  powerfully  on  the  selenium. 

In  one  series  of  experiments  an  attempt  was  made  to  separate 
the  instantaneous  effect  from  the  gradual  effect  of  the  light. 

This  was  done  by  first  balancing  the  resistance  of  the  selenium 
before  exposure  by  a  resistance  E  of  the  coils,  then  diminishing  li 
by  300,  400,  or  500  ohms,  according  to  the  brightness  of  the 
light,  so  as  to  get  no  sudden  deflection  when  the  current  is  made 
at  the  first  instant  of  exposure. 

It  was  difficult  to  determine  beforehand  by  estimation  what 
diminution  of  E  should  be  made ;  but  after  several  trials  it  was 
quite  possible  to  make  the  sudden  deflection  very  small,  either  ou 
one  side  of  the  zero  or  the  other,  and  to  keep  the  needle  near  the 
zero  by  continuing  to  diminish  the  value  of  R  as  long  as  the  ex- 
posure lasted. 

In  this  way  the  effects  of  exposure  in  successive  equal  intervals 
of  time  can  be  measured. 

The  light  allowed  to  pass  through  the  coloured  glasses  and 
other  absorbing  media  was  examined  by  a  spectroscope,  and  it  was 
found  that  the  yellowish-green  rays  were  among  the  most  active 
in  altering  the  electncal  state  of  the  selenium. 

A  series  of  experiments  ^^  as  made  to  determine  the  effect  of  light 
from  different  sources. 

A  Bunsen  burner  was  employed,  and  chloride  of  barium,  chlo- 
ride of  strontium,  thallium,  and  sal-ammoniac  were  introduced  into 
the  flame. 

The  effect  w  ith  barium  seemed  to  be  less  than  with  strontium. 

AVith  sal-ammoniac  in  the  flame  the  effect  was  as  great  as  with 
strontium  and  more  lasting. 

With  thallium  the  effect  ^-as  considerably  greater,  more  gradual, 
as  well  as  far  more  lasting  than  with  strontium. 

The  effect  on  repeating  an  experiment  is  very  much  less  than  the 
effect  of  the  first  exposui'e  with  each  new  source  of  light. 

Experiments  were  made  with  the  Bunsen  burner  alone  in  its 
ordinary  state  and  wheu  it  is  rendered  luminous  by  stopping  the 
air-holes.. 

Exposure  to  the  ordinary  Bunsen  flame  for  several  seconds  only 
caused  a  slight  deflection  of  about  10  divisions  of  the  scale. 
After  this  slight  diminution  of  resistance  the  needle  gradually  re- 
turned to  zero,  and  was  deflected  to  the  other  side,  as  the  heat 
radiated  from  the  Bunsen  burner  was  absorbed  by  the  selenium. 
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On  making  tlio  flame  luminous,  the  needle  was  suddenly  de- 
flected off  the  scale  with  great  rapidity. 

AVith  the  10  shunt  to  the  galvanometer  there  was  no  deflection 
on  exposure  to  the  ordinary  Bunsen  flame ;  but  mth  the  luminous 
flame  there  was  a  sudden  deflection,  which  increased  to  250  divi- 
sions of  the  scale  in  a  few  seconds. 

This  corresponded  to  a  change  of  resistance  in  E  of  about  1250 
ohms. 

'  This  experiment  was  repeated  in  a  slightly  different  way.  The 
selenium  was  balanced ;  and  before  exposure  to  the  luminous  Bun- 
sen  flame,  E.  was  diminished  by  1000  ohms.  On  making  contact 
and  exposing  at  the  same  instant,  there  was  a  slight  deflection, 
show  iiig  that  the  sudden  effect  was  equivalent  to  rather  less  than 
1000  ohms  ;  but  in  a  very  few  seconds  the  needle  was  at  rest  at 
zero ;  and  to  keep  the  needle  at  zero  the  resistance  was  further 
diminished  by  300  ohms. 

The  resistance  had  been  diminished  by  one  fourth  of  its  whole 
amount  in  less  than  one  minute  in  consequence  of  the  exposure. 

Exposure  to  an  ordinary  wax  taper  diminished  the  resistance 
of  the  selenium  by  300,000  ohms,  or  about  one  eighth  part  of  its 
whole  resistance. 

The  illuminating  powers  of  these  sources  of  light  were  com- 
pared by  means  of  the  Bunsen  photometer. 

The  light  of  the  ordinary  Bunsen  flame  could  scarcely  be 
measured,  but  was  somewhere  about  ^^  part  of  a  candle,  and  of 
the  luminous  Bunsen  flame  about  10  candles,  whilst  the  light  from 
the  taper  was  at  its  best  rather  more  than  one  fourth  of  a  candle. 

The  heating  effects  of  these  three  sources  were  compared  by 
means  of  the  thermo-electric  pile  and  delicate  astatic  galvano- 
meter. 

At  a  distance  of  one  foot  from  the  face  of  the  pile  the  de- 
flection produced  by  the  ordinary  Bunsen  flame,  was  46|°and  by 
the  luminous  Bunsen  flame  was  52°,  whilst  the  taper  produced  no 
effect  which  could  be  measured. 

These  experiments  clearly  show  that  very  little  effect  is  pro- 
duced by  the  radiation  of  obscure  heat,  but  that  the  effect  is  due  al- 
most entirely,  if  not  entirely,  to  light. 

As  the  effects  produced  were  measured  in  deflections  of  the 
needle,  some  series  of  experiments  were  made  to  determine  the 
value  in  I'esistances  equivalent  to  the  divisions  of  the  scale,  from 
Avhich  it  appeared  that  Mdth  the  10  shunt  to  the  galvanometer  and 
with  30  cells,  20  divisions  of  the  scale  were  equivalent  to  100 
ohms  resistance;  and  \vithout  the  shunt,  100  dJAasions  of  the 
scale  were  equivalent  to  from  100  to  110  ohms. 

Experiments  were  also  made  to  determine  whether  moonlight 
would  produce  any  change  in  the  electrical  resistance  of  selenium. 
The  experiment  was  made  at  the  half-moon,  when  the  moon  was 
high  up,  so  that  the  light  fell  obliquely  on  the  window  and  did 
not  shine  directly  on  the  selenium. 

On  throwing  the  moonlight  on  the  selenium  by  means  of  a  plane 
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mirror,  the  needle  was  at  once  deflected  20  divisions  of  the  scale ; 
ou  placing  the  mirror  outside  the  window  so  as  to  send  the  moon- 
light perpendicularly  through  the  window  on  the  selenium,  the 
deflection  of  the  needle  was  40  divisions.  The  window  was  kept 
closed  during  these  experiments. 

On  another  evening  when  the  moon  shone  very  obliquely  on  the 
window,  and  the  selenium  was  exposed  on  the  inside  of  the 
\\'indow  directly  to  the  moonlight,  the  needle  was  deflected  100 
divisions  of  the  scale,  and  the  deflection  increased  to  150  divi- 
sions after  exposure  for  about  3  minutes. 

The  change  in  the  resistance  of  the  selenium  was  from  60,000  to 
70,000  ohms. 

These  experiments  show  that  the  action  on  the  selenium  is  due 
principally,  if  not  entirely,  to  radiations  belonging  to  the  visible 
part  of  the  spectrum.  Light  rays  of  all  kinds,  particularly  the 
greenish  yellow,  produce  an  instantaneous  effect  followed  by  a  more 
or  less  gradual  effect,  wliich  continues  to  increase  during  exposure 
for  several  minutes. 

These  facts  suggest  two  hy])otheses  as  possible  explanations, 
which  may  help  as  guides  in  further  experiments,  but  which 
cannot  be  accepted  as  proved  without  further  evidence. 

(1)  That  the  light  falling  on  the  selenium  causes  an  electro- 
motive force  in  it,  which  opposes  a  battery-current  passing  through 
it,  the  effect  being  similar  to  the  effect  due  to  polarization  in  an 
electrolyte. 

(2)  That  the  light  falling  on  the  selenium  causes  a  change  on 
its  surface  akin  to  the  change  which  it  produces  on  the  surface  of 
a  phosphorescent  body,  and  that  in  consequence  of  this  change  the 
electric  current  is  enabled  to  pass  more  readily  over  the  surface  of 
the  selenium. 
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November  3rd,  1875. — John  Evans,  Esq.,  V.P.E.S.,  President, 

in  the  Chair. 
The  following  communications  were  read : — 

1.  "  On  some  new  Macrurous  Crustacea  from  the  Kimmeridge 
Gay  of  the  Sub-Wealden  boring,  Sussex,  and  from  Boulogne-sur- 
Mer."     By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

2.  "  On  a  new  Fossil  Crab  from  the  Tertiary  of  New  Zealand.' 
By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

3.  "  Ou  a  remarkable  Fossil  Orthopterous  Insect  from  the  Coal- 
measures  of  Britain."     By  Henry  Woodward,  Esq.,  F.Il.S.,  F.G.S. 

4.  "  On  the  discovery  of  a  Fossil  Scorpion  in  the  English  Coal- 
measures."     By  Henry  Woodward,  Esq.,  F.ll.S.,  F.G.S. 

5.  "  The  Drift  of  Devon  and  Cornwall,  its  origin,  Correlation 
with  that  of  the  South-east  of  England,  and  place  in  the  Glacial 
Series."     By  Thomas  Belt,  Esq.,  F.G.S. 

The  author  described  the  general  characters  of  the  drift  in  the 


1 60  G('olo</!caI  Society/ : — 

district  under  consideration,  and  stated  that  on  the  upLinds  tho 
drift  consists  of  undisturbed  gravels  and  travelled  Loulders,  "which 
occur  only  in  isolated  remnants  on  the  lower  ranges,  and  that  in  the 
lowlands  and  valleys  within  100  feet  of  the  })rescnt  level  of  the  sea 
the  gravels  are  widely  spread,  and  show  signs  of  sudden  and  tumul- 
tuous action.  Eetween  the  upland  and  lowland  gravels  he  considered 
that  great  denudation  had  taken  place.  He  maintained  that  the 
boulders  and  the  materials  of  the  gravels  had  been  distributed  by 
floating  ice,  and  that  their  presence  on  the  summit  of  Dartmoor 
indicated  that  the  water  on  which  the  ice  floated  must  have  extended 
up  to  1200  feet  above  the  present  sea-level ;  but  he  argued  that 
this  water  was  not  that  of  the  sea,  because  no  old  sea-beaches  or 
remains  of  marine  organisms  are  to  be  foiuid  in  the  region,  although 
freshwater  shells  are  preserved.  He  ascribed  these  xihenomena  to 
the  presence  of  a  great  freshwater  lake,  produced  by  the  drainage  of 
Europe  being  dammed  back  by  a  great  glacier  flowing  from  the 
north-west  (Greenland)  down  the  present  bed  of  the  Atlantic,  and 
over  the  northern  parts  of  the  continent.  The  author  discussed 
the  characters  of  the  superficial  deposits  in  the  southern  and  south- 
eastern counties,  and  indicated  the  points  in  which  these  seemed 
to  bear  out  his  hypothesis. 

The  sequence  of  phenomena  assumed  by  the  author  is  as  follows  : 
■ — Accepting  Mr.  Tylor's  notion  that  the  actual  sea-level  must  have 
been  lowered  during  the  Glacial  period  in  consequence  of  the  great 
accumulation  of  water  iu  the  form  of  ice  at  the  poles,  he  seeks  a 
point  of  departure  for  the  Glacial  period  in  the  first  evidence  of  such 
a  lowering  of  the  sea-level.  The  Weybourne  sands  and  the  marine 
beds  of  Portland  Bill  were  deposited  when  the  sea  was  at  about  its 
present  level ;  and  the  Bridlington  Crag  probably  belongs  to  the  same 
period.  The  fossils  found  in  these  deposits  show  that  the  waters 
w^ere  cold.  The  first  stage  of  the  Glacial  period  is  that  of  the  older 
Forest-beds  ;  and  the  immigration  of  a  number  of  great  Mammalia 
and  of  Palpeolithic  man,  indicates  that  the  sea  had  retired  from  the 
British  Channel  and  the  German  Ocean,  leaving  these  islands  con- 
nected with  the  continent.  A  great  river  probably  ran  southAvards 
through  the  region  now  submerged.  The  second  stage  is  marked  by 
the  continued  advance  of  the  ice  from  the  north,  the  retreat  of  the 
southern  fauna  and  Palaeolithic  man,  and  the  arrival  of  Arctic 
Mammals.  The  third  stage  saw  the  culmination  of  the  Glacial 
period  and  the  greatest  extent  of  the  Atlantic  glacier,  which  reached 
to  the  coast  of  Europe,  blocked  up  the  English  Channel,  and  caused 
the  formation  of  an  immense  lake  of  fresh  water  by  damming  back 
the  drainage  of  the  whole  of  North-western  Europe,  as  already  indi- 
cated. In  the  fourth  stage  the  Atlantic  glacier  began  to  retreat, 
and  the  sudden  breaking  away  of  the  barrier  of  ice  that  blocked  up 
the  mouth  of  the  Channel  caused  the  tumultuous  discharge  of  the 
waters  of  the  great  lake,  by  which  the  spreading  of  the  lowland 
gravels  was  eflPected.  To  this  cause  the  author  attributes  the  for- 
mation of  the  Middle  Glacial  sands  and  gravels  of  Norfolk  and 
Suffolk.     During  the  fifth  stage  the  ice  of  the  German  Ocean  con- 
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tinned  to  retreat;  but  there  M'as  a  temporary  advance  of  tlie  Atlantic 
glacier,  which  again  blocked  up  the  Channel,  and  produced  a  second 
great  lake,  ■which,  however,  did  not  attain  so  great  a  height  as  the 
first,  and  its  waters  were  not  discharged  in  the  same  tumultuous 
fashion.  At  this  period  the  Upper  Boulder-clay  of  Norfolk  and 
Suffolk  was  formed  ;  but  the  author  is  not  convinced  that  this 
formation  is  represented  south  of  the  Thames,  except  by  the  "Trail"' 
of  the  Rev.  0.  Fisher.  In  the  sixth  and  last  stage  the  Atlantic  ico 
retreated  as  fur  as  the  north  of  Scotland  :  but  the  sea  had  not  re- 
turned to  its  former  level ;  the  British  Isles  were  connected  with 
the  continent  and  with  each  other.  To  this  the  author  assigns  the 
last  great  forest  period,  and  the  arrival  of  Xcolithic  man  and  the 
associated  fauna  from  the  continent. 

JSTovember  17th,  1875. — John  Evans,  Esq.,  V.P.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read  : — 

1.  "  On  a  new  Modification  of  Dinosaurian  Vertebra).''  By  Prof. 
Bichard  Owen,  C.B.,  F.B.S.,  F.G.S.,  &c. 

2.  "  On  the  presence  of  the  Forest-bed  Series  at  Kessingland 
and  Pakefield,  in  Suff"olk,  and  its  position  beneath  the  Chillesford 
Clay."     By  John  Gunn,  Esq.,  M.A.,  F.G.S. 

In  this  paper  the  author  described  a  section  from  the  cliff  at 
Kessingland  and  Pakefield,  from  the  examination  of  which  ho 
arrived  at  the  conclusion  that  the  Forest-bed  series  underlies  the 
Chillesford  Clay  and  Sands.  At  the  foot  of  the  cliff  there  is  an 
estuarine  deposit  forming  the  soil  of  the  Forest-bed,  consisting  of 
blue  clay  and  gravel,  the  "  Elephant-bed  "  of  the  author's  former 
paper.  Above  this  is  the  Forest-bed,  containing  large  stools  and 
stems  of  trees,  but  no  fossil  bones.  This  is  followed  by  a  freshwater 
deposit,  consisting  of  black  soil  with  freshwater  shells,  corresponding 
to  a  similar  bed  at  Mundesley  and  Eunton,  known  as  the  "  Unio 
bed,"  and  including  the  "  llootlet-bed  "  of  oozy  clay,  regarded  by 
Mr.  Prestwich  as  an  indication  of  the  forest.  The  author  considers 
the  supposed  rootlets  to  represent  brushwood  which  succeeded  the 
true  forest.  Above  this  come  Fluvio-marine  deposits,  in  Avhich  Crag 
shells  occur,  although  but  rarely.  To  this  division  the  author  was 
inclined  to  refer  the  Xorwich  Crag,  which  at  Bramerton  underlies 
the  next  division,  regarded  by  the  author  as  the  Chillesford  Clay 
and  Sands.  Of  the  overh'ing  deposits  the  first  is  supposed  to  be  the 
"  Pebbly  bed  "  by  the  author  ;  it  has  been  regarded  as  Middle  Drift ; 
and  the  uppermost  is  Upper  Boiildcr-clay.  The  paper  was  illustrated 
by  the  exhibition  of  a  fine  series  of  bones,  chiefly  Cervine,  from  the 
lowest  deposit  noticed  by  the  author. 

December  1,  1875. — John  Evans,  Esq.,  Y.P.R.S.,  President, 
in  the  Chair. 
The  following  communication  was  read  : — 
'•'  On  the  Granitic,  Granitoid,  and  associated  Metamorphic  Kocks 
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of  tho  Lake-district."     By  J.  Clifton  Ward,   Esq.,   F.G.S.,   of  the 
Geological  Survey  of  England  and  Wales*. 

Part  I.   On  the  Liquid-cavities  in  the  Quartz-bearing  Hods  of  the 
Lalce-district. 

The  ol)ject  of  this  paper  was  to  examine  into  the  cxidence  afforded 
by  the  liquid-cavities  of  the  granitoid  rocks  of  the  Lake-district, 
in  reference  to  the  pressure  under  which  these  rocks  may  have 
consolidated.  In  the  first  division  of  the  subject  the  geological  re- 
lations of  the  thi-ee  granitic  centres  of  the  district  were  considered, 
and  it  was  shown  that  these  several  granitic  masses  probably  soli- 
dified at  depths  varying  from  14,000  to  30,000  feet.  The  most 
probable  maximum  depth  for  the  Skiddaw  granite  was  stated  as 
30,000  feet,  the  maximum  for  the  Eskdale  granite  22,000  feet, 
and  for  the  Shap  granite  14,000  feet.  These  maximum  depths  were 
arrived  at  by  estimating  the  greatest  thickness  of  strata  that  was 
ever,  at  one  time,  accumulated  above  the  horizon  of  the  top  of  the 
Skiddaw  slates. 

The  mode  of  microscopic  examination,  together  with  a  description 
of  the  precautions  taken  in  measuring  the  relative  sizes  of  the 
cavities  and  their  contained  vacuities,  formed  the  second  division  of 
the  paper.  It  was  stated  that  all  the  measurements  used  in  the 
calculations  were  made  from  cases  in  which  the  vacuity  moved  freely 
in  the  liquid  of  the  cavity ;  and  an  approximately  perfect  case  for 
measurement  was  defined  to  be  one  in  which  the  outline  of  the 
liquid-cavity  was  sharply  defined  all  round  in  one  focus,  and  in 
which  the  vacuity  moved  freely  to  every  part  of  the  cavity  without 
(joing  out  of  focus. 

Then  followed  the  general  results  of  the  examination.  Eestrict- 
ing  the  measurements  to  such  cases  as  those  above  mentioned,  the 
results  were  found  to  be  generall}'  consistent  with  one  another,  and 
with  those  previously  obtained  by  Mr.  Sorby  in  his  examination  of 
other  granitic  districts.  From  the  fact  that  the  calculated  pressure 
in  feet  of  rock  was  in  all  cases  greatly  in  excess  of  the  pressure 
which  could  have  resulted  from  the  thickness  of  overlj-ing  rocks,  it 
was  inferred  as  probable  that  these  granitic  masses  were  not  directly 
connected  with  volcanic  action,  by  which  the  pressure  might  have 
been  relieved,  but  that  the  suqilus  pressure  was  spent  in  the  work 
of  elevation  and  contortion  of  the  overlying  rocks. 

Microscopic,  combined  with  field  evidence,  was  thought  to  indicate 
that  the  Shap  grauite,  though  mainly  formed  at  a  depth  similar  to 
that  at  which  the  Eskdale  granite  consolidated,  was  yet  itself  finally 
consolidated  at  a  much  less  depth,  the  mass  having  eaten  its  way  up- 
wards at  a  certain  point,  and,  perhaps,  representing  an  unsuccessful 
efi'ort  towards  the  formation  of  a  volcanic  centre. 

The  examination  showed  that  the  mean  of  the  presstu'es  under 

which  the  Lake-district  granites  probably  consolidated  was  nearly 

the  same  as  the  mean   which  Mr.  Sorby   arrived   at   for  those  of 

Cornwall.     In  conclusion  the  author  stated  that  he  wished  these 

*  Parts  I.  and  II.  were  read  at  the  Meeting  of  June  23. 
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results  to  tc  considered  as  preliminary  only,  since  the  complete  in- 
vestigation would  necessarily  occupy  far  more  time  than  was  at  his 
disposal ;  at  the  same  time  he  ventured  to  hope  that  r/eneral  accu- 
racy was  insured,  whUo  pointing  to  the  many  little-known  causes 
which  might  affect  the  conclusions. 

I'art  II.   On  the  Eskdale  and  Shap  Granites,  with  their  associated 
Mttamorphic  liocks. 

The  author  brought  forward  evidence  in  this  paper  to  prove  the 
possibility  of  the  formation  of  granite  by  the  extreme  mctamorphism 
of  volcanic  rocks.  The  passage  is  shown  in  the  field,  and  may  bo 
observed  in  a  complete  series  of  hand  si^ecimcns.  Fre(]ucntl3', 
indeed,  the  actual  junction  is  well  marked ;  but  in  other  cases  the 
transition  is  gradual ;  and  there  occur,  at  some  little  distance  from 
the  main  mass,  inlying  patches  of  what  may  be  called  bastard 
granite.  The  microscopic  examination  proves  the  passage  from  a 
distinctly  fragmentary  ash  to  a  distinctly  crystalline  rock,  and  to 
granite  itself.  Also  the  chemical  composition  of  the  altered  rocks 
agrees  very  closely  ^vith  that  of  the  granite. 

Koth  Eskdale  and  Shap  granite  were  believed  to  have  been  formed 
mainhj  from  the  rocks  of  the  volcanic  series  by  metamorphism  at 
considerable  depths ;  but  the  granite  of  Shap  was  thought  to  be  in 
great  measure  intrusive  amongst  those  particular  beds  which  are  now 
seen  around  it.  A  decided  increase  in  the  proportion  of  phosphoric 
acid  was  noted  in  the  volcanic  roclcs  on  approaching  the  granite,  and 
a  decrease  in  carbonic  acid. 

Part  III.  On  the  Skiddaw  Granite  and  its  associated  Metamorphic 
rocks. 

The  subject  was  treated  under  the  three  heads  of  (1)  Examination 
in  the  Field,  (2)  Microscopical  examination^  (3)\C]iemical  examination ; 
and  the  following  were  the  general  results  arrived  at.  The  meta- 
morphism of  the  Skiddaw  slate  extends  for  many  miles  around  tho 
several  granitic  masses,  and  commences  by  the  formation  of  small 
spots  which  become  developed  into  chiastohte  crystals.  The  chias- 
tolite  slate  passes  into  spotted  schist,  by  the  great  increase  of  the 
small  oblong  spots  arranged  along  planes  of  foliation ;  and  mica  ap- 
pears. The  spotted  schist  graduates  into  mica-schist,  which,  hoAvever, 
often  retains  to  the  last  faint  spots,  and  occasionally  chiastolite 
crystals.  The  junction  between  the  mica-schist  and  the  granite  is 
generally  rather  abrupt.  On  the  whole,  chemical  and  field  evidence 
especially  arc  against  regarding  the  granite  now  exposed  as  the 
result  of  the  extreme  metamorphism  of  the  Skiddaw  slates  imme- 
diately around  it ;  but  whether  it  may  not  have  resulted  from  the 
metamorphism  of  underlying  parts  of  the  same  scries  is  an  open 
question.  The  great  contortion  of  the  mica-schist  around  the  gra- 
nitic centres  may  be  in  part  due  to  the  at  any  rate  partialhj  in- 
trusive character  of  the  granite. 

In  an  Appendix  abstracts  of  papers  by  various  authors  who  have 
written  in  connexion  with  the  subject  were  given. 
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Part  IV.   Oil  the   Quartz  Felsite,  Syeniik  and  associated  Meta- 

morj^hic  llocls  of  the  Lake-district. 
This  part  was  treated  under  tlie  same  three  heads  of  Field,  Micro- 
scopical, and  C/u'j?((Vrt/ evidence  as  the  last. 

The  quartz  felsite  of  St.  John's  Yale,  and  the  syenitic  granite  of 
Buttermere  and  Enncrdale,  lie  for  the  most  part  at  the  junction  of 
the  volcanic  and  Skiddaw  series,  and  seem  by  their  line  of  strike, 
and  by  the  occasional  presence  of  bands  of  slate  or  volcanic  rock, 
enclosed  within  or  running  through  them,  to  represent  the  transition 
beds  between  the  two  scries,  metamorphosed  in  great  measure  in 
situ.  Both  microscopic  and  chemical  evidence  demonstrate  the  pos- 
sibility of  this  process. 

Evidence  gathered  in  the  field,  and  microscopic  and  chemical 
examination,  all  seem  to  suggest  that  the  rocks  of  Carrock  Fell  &c. 
represent  the  base  of  the  volcanic  series,  consisting  largely  of  con- 
temporaneous traps  thrown  into  a  synclinal,  the  axis  of  which 
ranges  generally  east  and  west,  and  metamorphosed  into  rocks  of 
greatly  varying  character,  such  as  sphajrolitic  felsite,  hypersthenite, 
and  dioritc. 

Although  all  the  various  masses  treated  of  were  probably 
formed  in  the  main  by  the  metamorphism  of  beds  in  siia,  it  is  pro- 
bable that  some  parts  of  the  resulting  magma  became  occasionally 
intrusive  among  and  absorptive  of  higher  beds. 

In  an  Appendix  notices  of  papers  on  these  rocks  by  other  authors 
were  given. 

Part  V.   Genercd  Summari/. 

In  this  part  the  leading  results  of  the  four  preceding  divisions  of 
this  memoir  were  briefly  brought  forward,  followed  by  the  dis- 
cussion of  various  considerations  relating  to  metamorphism,  under 
the  follovring  heads  : — (1)  Granite  at  various  depths  ;  (2)  how  far 
granite  may  be  an  ultimate  universal  product  of  metamorphism ; 
(3)  distribution  of  metamorphism  (selective  metamorphism) ;  (4) 
classes  of  metamorphism. 

The  paper  was  illustrated  by  a  large  geological  map  of  the 
northern  part  of  the  Lake-district,  by  a  geological  model  of  tie 
Keswick  district,  by  rock-specimens,  and  large  coloured  photographs 
taken  from  water-colour  microscopic  drawings  made  by  the  author. 

December  15,  1875. — John  Evans,  Esq.,  E.E.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  Notes  on  the  Physical  Geology  of  East  Anglia  during  the 
Glacial  Period."     By  ^Y.  H.  Penning,  Esq.,  F.G.S. 

The  author  wished  it  to  be  understood  that  his  remarks  were 
intended  to  form  a  sketch,  rather  than  a  detailed  account,  of  the 
si;bject  to  which  they  relate.  He  intended  to  explain  the  origin 
of  the  so-called  "  middle  glacial"  gravels  and  sands,  to  account  lor 
their  occurrence  in  certain  areas  and  their  non-occurrence  in  others 
where  they  might  reasonably  have  been  expected,  also  to  briefly 
describe  a  certain  series  of  gravels  of  doubtful  age  and  origin  in 
the  Cambridge  vallev. 
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A  short  description  of  the  geology  and  physical  features  of  the 
district  was  given,  and  an  inference  drawn  from  the  varying  faunas 
of  the  "  Crag  ''  that  the  Lmd  was  sinkiug  during  tliat  era  and  until 
after  the  deposition  of  the  Cromer  "Forest-bed."  Then  Arctic  con- 
ditions began  to  prevail,  and  the  great  glacial  subsidence  com- 
menced ;  the  "  lower  glacial  "  beds  were  formed,  and  succeeded  by  a 
large  scries  of  false-bedded  gravels  and  sands,  with  iutercalated 
patches  of  unstratifiod  clay.  These  deposits  run  up  only  to  a 
certain  level,  about  300  feet,  never  quite  reaching  the  top  of  the 
Chalk  escarpment,  where  the  overlj'ing  Boulder-day  is  invariably 
found  resting  on  the  older  rock,  without  any  gravel  or  sand  l)ctween. 
The  author  inferred  from  this  circumstance  that  after  the  deposition 
of  the  "  lower  "  beds,  and  as  submergence  wont  on,  the  waters  of 
the  North  Sea  were  again  united  to  those  of  the  Atlantic.  A  strong 
current  was  thus  set  up,  which  swept  down  from  the  north, 
bringing  with  it  the  material  of  which  the  gravels  are  composed,  and 
which  is  found  to  consist  of  pebbles,  all  derived  from  the  northern 
and  eastern  coasts,  mixed  with  flints  from  the  Chalk.  The  escarp- 
ment of  this  formation  stood  at  the  time  above  the  water ;  but  when 
once  sufficiently  submerged  to  admit  the  water  over  its  lower  por- 
tions, the  conditions  were  altered,  the  current  lost  its  force,  and  the 
deposition  of  gravel  ceased.  An  occasional  iceberg  had  dropped  its 
load  of  unstratified  clay,  which  became  intercalated  with  the  gravels  ; 
but  the  greater  number  of  such  bergs  were  quickly  swept  away  to 
the  south.  Xow  the  waters  had  access  to  a  larger  area,  the  forma- 
tion of  gravel  was  succeeded  by  that  of  Eoulder-clay,  which  in  the 
author's  opinion  is  entirely  composed  of  masses  of  clay  enclosing 
boulders,  brought  down  and  dropped  by  icebergs  in  mass,  which 
accounts  for  its  want  of  stratification. 

This  Boulder-clay  rests  evenly  on,  and  at  the  higher  level  over- 
laps, the  "  middle  glacial  "  sands  ;  it  then  caps  the  Chalk  escarpment, 
and  plunges  down  into  the  Cambridge  valley,  even  to  the  present 
level  of  the  sea  ;  but  in  no  instance  on  or  beyond  the  escarpment 
does  any  sand  or  gravel  intervene  between  it  and  the  older  geological 
formations,  although  just  over  the  scarp  (on  the  south  side)  the 
gravels  run  up  to  an  elevation  of  300  feet.  The  gravel-forming 
currents  were  evidently  confined  to  the  seaward  side  of  the  Chalk 
range,  and  excluded  from  the  Cambridge  valley,  which  is  \\\\- 
HovihicdXj pi-ce-cjJac'ud,  and  which  formed  at  the  time  a  large  inlet, 
land-locked  on  every  side  but  one,  discharging  its  waters  through  the 
opening  now  occupied  by  the  estuary  of  '•  The  "Wash." 

In  the  Cambridge  valley  there  are  sheets  of  river-gravel  of  recent 
date,  some  patches  of  doubtfid.  age,  but  not  traceable  under  the 
Boulder-clay,  and  an  elongated  series  of  gravels  at  a  level  of  20  to 
60  feet  above  the  present  level  of  the  Cam.  These  are  in  some 
parts  distant  from  the  present  course  of  the  river,  and  present  a 
striking  resemblance  to  glacial  gravels ;  but  as  they  here  and  there 
contain  recent  shells,  and  taking  into  consideration  their  uniformity 
of  level,  the  autlior  concludes  that  they  indicate  an  ancient  course  of 
the  river  Cam, 
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The  other  eoiielusions  arrived  at,  after  mature  consideration  of  all 
tlie  evidence  liitlierto  obtained,  are  : — that  a  gradual  passage  will  bo 
found  to  exist  from  the  base  of  the  Crag  up  to  and  through  the  drift- 
deposits  to  those  of  recent  date ;  that  in  East  Anglia  wc  have  evi- 
dence of  \)\\t  one,  and  that  a  gradual,  period  of  glacial  submergence, 
succeeded  by  a  corresponding  movement  of  rcclevation ;  and  that 
there  are  no  "  middle  glacial "  deposits  -whatever  within  the  area  of 
the  Cambridge  valley. 

2.  "  Deiuiding  Agencies  and  Geological  Deposition  under  the 
Flow  of  Ice  and  Water,  with  the  Laws  which  regulate  these  actions, 
and  the  special  bearing  on  River-action  of  observations  on  the 
]\[ississippi  and  other  great  rivers,  and  their  present  and  past  Mete- 
orological conditions,  and  similar  remarks  on  Marine  Deposits,  illus- 
trated by  the  Irish  Sea  and  the  Chesil  Beach."  By  A.  Tylor,  Esq., 
F.G.S. 

The  writer  adduced  evidence  by  measured  sections  and  drawings 
to  show  that  the  Quaternary  gravels  were  deposited  rather  in  a  wet 
or  pluvial  than  in  a  snowy  or  glacial  period.  He  thought  the  de- 
nuding action  of  springs  and  the  alternate  action  of  rain  and  frost 
had  been  neglected.  He  considered  Agassiz  and  other  writers  had 
overlooked  the  previous  writings  of  Playfair,  to  whom  he  referred. 

The  rainfall  of  Westmoreland,  Switzerland,  and  the  Mississippi 
valley  were  compared  in  summer  and  winter,  to  prove  that  floods 
were  not  necessarily  greater  from  land  covered  with  snow  than 
from  land  covered  with  trees  and  vegetation  when  height  above  the 
sea  and  local  circumstances  were  taken  into  consideration.  Mr. 
Dana's  "  Great  Glacier,"  whose  melting  was  to  supply  a  Quaternary 
river  Mississippi  50  miles  wide,  would  require  a  supply  equal  to 
625  times  the  present  rainfall  to  fill  it. 

The  melting  of  snow  was  assumed  to  be  of  such  proportions  by 
modern  writers  as  to  equal  the  debacles  of  older  geologists. 

The  high  Swiss  mountains  pointed  to  a  greater  diminution  of  snow 
on  high  ground  in  the  Glacial  period ;  and  he  believed  the  clouds 
then  discharged  near  the  sea-level,  so  that  the  mass  of  snow  and  ice 
was  at  low  levels. 

It  appears  that  in  Greenland  in  the  80th  parallel,  according  to 
Nordenskiold,  near  the  sea  in  summer  there  is  no  snow  on  the 
ground  1000  or  1500  feet  above  the  sea.  Open  water  at  the  poles 
.must  depend  upon  the  abstraction  of  the  vapour  from  the  atmosphere 
at  lower  latitudes ;  and  probably  in  the  Glacial  period  the  ice-cap 
was  thickest  at  the  70th  parallel  of  latitude. 

Mr.  Tylor  thought  the  theories  of  former  depressions  of  the  land, 
as  in  the  Mississippi  valley,  should  be  tested  by  examination  for 
flexures.  He  had  found  (in  1868)  that  flexures,  and  not  fractures, 
had  very  much  affected  the  course  of  the  Wealden  denudation  in 
the  Quaternary  period. 

The  laws  of  river-motion  arc  very  simple  and  precise ;  and  as 
depressions  and  upheavals  are  always  unequal,  any  great  movements 
in  the  Quaternary  period  would  aflTect  the  courses  of  rivers,  and  be 
traceable  in  their  deposits. 
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Tho  author  had  measured  the  rcmanih  valley  gravels  of  Coalljrook 
Dale,  which  wore  associated  ■\villi  marine  shells  li(>0  feet  above  tho 
sea,  aud  compared  their  contour  witli  ordinary  valley  gravels  and 
with  marine  beaches,  to  ascertain  under  what  probable  conditions 
the  sea  had  risen  up  the  Severn  valley  Avithout  leaving  any  traces 
of  cliffs  or  marine  denudation  cxcejjt  between  J5ridgnorth  and  Coal- 
brook  Dale.  The  diamond  gravel-deposits  in  Africa  have  a  similar 
contour  to  those  of  Coalbrook  Dale. 

The  position  of  the  Moel-Tryfacn  beds  was  first  described  by 
Trimmer  in  1831.  Trimmer,  an  excellent  geologist,  observed  the 
scratches  on  the  rocks  covered  by  the  gravel  with  marine  remains, 
and  noticed  their  ice-origin,  but  did  not  draw,  unfortunately,  the 
natural  inference  that  there  must  have  been  a  Glacial  period  in 
Wales.  This  great  discovery  or  invention  was  left  to  Agassiz  to 
propose  in  1837. 

The  glacier-eroded  lakes,  much  lower  than  Mocl  Tryfaen,  and 
close  to  it,  are  free  from  marine  remains  ;  therefore  it  seems  difficult 
to  suppose  a  depression  of  1300  feet  and  immersion  in  the  sea  of 
Tryfaen,  and  subsequent  elevation,  could  have  taken  place  without 
having  left  any  marks  on  the  land  except  at  one  spot. 

The  measured  section  of  the  Chesil  Beach  shows  its  close  approxi- 
mation to  a  binomial  curve  ;  and  the  regularity  of  beaches  and 
littoral  zones  along  the  Channel  teach  us  what  are  the  certain  con- 
sequences of  land  being  immersed  under  the  sea. 

Mr.  Tylor  produced  plans  and  sections  showing  how  the  tide 
actually  affects  the  sea-bottom,  and  described  the  gorge  below  50 
fathoms  in  the  Irish  Sea. 

He  treated  the  tide  as  caused  by  the  alternate  and  opposite  slow 
movement  of  the  deep  and  great  mass  of  the  Atlantic,  gi'S'ing  motion 
to  the  water  at  the  coast  almost  simultaneously  as  if  the  whole 
water  moved  as  one  mass  over  an  area  of  thousands  of  square 
miles.  The  velocity  of  the  tide  of  one  tenth  of  a  mile  per  hour 
in  the  deep  sea,  produced  by  the  composition  of  forces  a  tide  of  a 
velocity  of  three  or  four  miles  an  hour  on  the  coast.  High  and 
low  water  at  different  ports  are  the  direct  consequences  of  local 
currents  in  shallow  water,  set  in  motion  by  the  greater  mass  of 
deep  water.  There  are  points  in  the  English  Channel  where  within 
a  few  miles  there  is  a  difference  of  six  hours  in  high  water.  He 
objected  to  the  theory  of  a  tidal  wave  travelling  in  one  direction, 
and  moving  faster  in  deep  water  than  in  shallow,  because  the  tide 
really  travels  quicker  in  shallow  water,  as  his  X)lan3  show. 

In  support  of  this  he  showed  the  chart  of  the  Channel,  and  that 
the  tide  turned  in  the  Irish  Sea  at  all  points,  deep  or  shallow, 
almost  simultaneously  and  synchronously  with  the  slow  tidal  move- 
ment in  the  Atlantic.  He  found  that  in  a  large  area  of  sea  of 
120,000  square  miles,  where  the  water  averaged  07  fathoms  (off  the 
Scilly  Islands)  the  velocity  of  the  tide  was  only  one  mile  per  hour ; 
but  in  the  shallows  near  the  Channel  Islands,  where  the  depth  was 
on  an  average  12  fathoms,  by  the  composition  of  forces  the  velocity 
of  the  tide  increased  to  0  miles  an  hour.     If  the  tide  were  the  con- 
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sequence  of  a  tidal  wave  bringing  high  "water,  the  tidal  conditions 
of  the  Irish  Sea  would  be  very  different  from  what  they  are  de- 
scribed to  be. 

He  did  not  find  any  evidence  of  a  plane  of  denudation  on  any 
sea-coast,  but,  on  the  contrary,  deep  gorges  and  curved  surfaces, 
depth  varying  with  width,  &c. 

The  nearest  approach  to  a  plane  surface  was  in  the  estuar}""  of  the 
La  Plata ;  but  that  flatness  appeared  more  the  consequence  of  depo- 
sition than  denudation. 

The  great  cuts  or  indentations  out  of  coast  lines  where  rivers 
discharge  into  the  ocean,  when  compared  with  the  absence  of 
indentations  in  areas  where  there  are  no  great  rivers,  but  where 
the  rocks  are  equally  hard,  showed  that  such  denudation  de- 
pended upon  the  alternate  and  opposite  action  of  rivers  and  the  tide. 
He  referred  to  the  removal  of  the  bar  of  the  Danube,  and  to  the 
great  laws  which  regulate  the  flow  of  water,  which  he  illustrated  by 
diagrams. 

Hydraulics  and  meteorology  must  be  studied  in  connexion  with 
the  lines  of  denudation  and  deposition ;  and  however  difficult  and 
inconvenient  these  subjects  might  be,  no  results  would  be  reliable 
unless  all  the  physical  circumstances  were  taken  into  account. 

January  5,  1876. — John  Evans,  Esq.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read  : — 

1.  "Historical  and  personal  Evidences  of  Subsidence  beneath  the 
Sea,  mainly  if  not  entirely  in  the  fourteenth  and  fifteenth  cen- 
turies, of  several  tracts  of  Land  which  formerly  constituted  parts  of 
the  Isle  of  Jersey."     By  R.  A.  Peacock,  Esq.,  C.E.,  F.G.S. 

In  this  paper  the  author  brings  forward  a  great  number  of  details, 
derived  in  part  from  personal  observations  and  in  part  from  ancient 
documents,  to  prove  that  a  considerable  submergence  of  land  has 
taken  place  round  the  island  of  Jersey  within  comparatively  recent 
times.  He  referi'ed  principally  to  the  existence  of  a  submerged 
forest  in  the  Bay  of  St.  Ouen,  evidenced  by  the  existence  of  stumps 
of  trees  in  the  sea-bottom  there,  and  by  the  traditional  fact  that  up 
to  quite  a  late  period  fees  were  paid  for  privileges  connected  with 
the  forest  of  St.  Ouen,  although  the  forest  itself  had  long  previously 
disappeared  beneath  the  sea.  From  the  evidence  it  would  appear 
that  the  submergence  took  place  at  the  end  of  the  fourteenth  or  the 
beginning  of  the  fifteenth  century.  The  author  also  noticed  the 
occurrence  of  peat  and  submarine  trees  in  the  little  bay  of  Greve  de 
Lecq  on  the  north  side  of  Jersey,  and  especially  referred  to  the 
evidence  afforded  by  the  Ecrehous  rocks  and  Maitre  Isle,  there 
having  been  in  the  latter  a  priory  or  chapel,  supported  by  rents 
derived  from  the  parish  of  Ecrehous,  which  is  now  represented  only 
by  a  small  islet,  with  the  ruins  of  an  ecclesiastical  building  upon  it, 
and  a  range  of  rocks  protruding  but  little  above  the  sea. 
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2.  "  The  Physical  Conditions  nndor  wliich  the  Upper  Silurian 
and  succeeding  Palieozoic  llocks  were  prohably  deposited  over  the 
Northern  Hemisphere."     By  Henry  Hicks,  Esq.,  F.G.S. 

In  this  paper  the  author,  after  pointing  out  the  lines  of  de- 
pression explained  in  his  former  paper  to  the  Society,  now  further 
elaborated  the  views  then  propounded  by  him  by  carrj-ing  his 
examination  into  the  higher  PaUcozoic  series  and  into  more  exten- 
sive areas.  Beginning  at  tlie  top  of  the  Lower  Silurian,  where  he 
first  recognizes  any  evidence  of  a  break  in  the  Paheozoic  rocks,  he 
proceeded  to  show  that  this  break  was  restricted  to  very  limited 
areas,  and  almost  entirely  confined  to  the  parts  which  had  been  first 
submerged,  and  where  the  greatest  thickness  of  sediment  had  accu- 
mulated on  both  sides  of  the  Atlantic,  and  hence  where  the  proe- 
Cambrian  crust  had  become  thinnest.  On  the  European  side  this 
break  occurred  where  volcanic  action  had  taken  place,  and  has 
doubtless  to  be  attributed  to  the  combined  action  of  upheaval  of 
portions  of  the  crust  and  the  heaping  up  of  volcanic  material,  the 
latter  in  some  cases  forming  volcanic  islets  of  considerable  extent. 
He  strongly  objected  to  look  upon  these  breaks,  even  in  the  British 
area,  where  they  are  most  marked,  as  evidence  of  a  want  of  con- 
tinuity over  other  and  far  greater  areas,  or  to  admit  that,  even  where 
there  was  conformity  in  the  rocks  at  this  point,  "  great  in- 
tervals of  time  are  indicated  unrepresented  by  stratified  formations." 
The  conformity  found  in  extensive  and  widely  separated  areas  is 
proof  also  that  a  gradual  contraction  took  place  of  an  enormous 
portion  of  the  crust  in  the  northern  hemisphere  in  Palceozoie  times  ; 
and  the  breaks  at  the  close  of  the  l^ower  Silurian  and  in  the  De- 
vonian are  not  indications  of  an  arrest  in  the  general  subsidence. 
After  indicating  the  changes  which  must  have  taken  place  in  the 
climate  from  this  gradual  spreading  of  the  water,  and  the  e\4dence  to 
be  derived  from  the  consideration  of  the  deposits  and  the  faunas, 
the  author  drew  the  following  general  conclusions  : — 

1.  That  the  condition  of  the  northern  hemisphere  at  the  beginning 
of  Pala;ozoic  time  was  that  of  immense  continents  in  the  higher 
latitudes,  traversed  by  mountainous  ranges  of  great  height,  but  with 
a  general  inclination  of  the  surface,  on  the  one  side  (European)  to 
the  south-west  and  south,  and  on  the  other  side  (American)  to  the 
south-east  and  south. 

2.  That  these  continents  were  probably  eovered,  at  least  in  their 
higher  parts,  with  ice  and  snow  ;  and  that  much  loose  material  had 
consequently  accumulated  over  the  plains  and  deeper  parts,  ready  to 
be  denuded  off  as  each  part  became  submerged.  This  would  account 
for  the  enormous  thickness  of  conglomerates,  with  boulders,  grits, 
and  sandstones,  found  in  the  early  Cambrian  rocks,  and  also  to  a 
certain  extent  for  their  barrenness  in  organic  remains. 

3.  That  the  depression  over  the  European  and  American  areas 
was  general  from  at  least  the  latitude  of  30°  northwards ;  that  the 
parts  bordering  the  Atlantic  were  the  first  to  become  submerged; 
the  lower  latitudes  also  before  the  higher. 

4.  That  the  depression  could  not  have  been  less  altogether,  for 
the  whole  of  the  Pateozoic,  than  50,000  feet ;  and  that  conform- 
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able  sediments  to  that  extent  are  found  over  those  parts  of  the  areas 
first  submerged  and  which  remained  undisturbed.  That  volcanic 
action  was  chiefly  confined  to  parts  of  the  regions  which  became 
first  submerged ;  that  the  immediate  cause  of  these  outbursts  was 
the  weakness  of  the  prie-Camb"ian  crust  at  those  parts,  from  the 
great  depression  that  had  taken  place,  it  being  too  thin  there 
to  resist  the  pressure  from  within,  and  to  bear  the  weight  of  the 
superincumbent  mass  of  soft  sediment. 

5.  That  the  seat  of  volcanic  action  at  this  time  was  at  a  depth  of 
probably  not  less  than  25  miles,  as  sediments  which  were  depressed 
to  a  depth  of  from  9  to  10  miles  do  not  indicate  that  they  had  been 
subjected  to  the  elFect  of  any  great  amount  of  heat,  and  are  free 
from  metamorphosis. 

6.  That  the  climate  at  the  early  part  of  Palaeozoic  time  was  one 
of  very  considerable,  if  not  extreme  cold,  and  that  it  became  gra- 
dually milder  after  each  period  of  depression.  That  towards  the 
close  of  the  Palaeozoic,  in  consequence  of  the  elevation  of  very  large 
areas,  and  to  a  great  height,  the  climate  became  again  more  rigo- 
rous in  character. 

7.  That  the  various  changes  which  took  place  over  the  northern 
latitudes  during  Laurentian  and  Palaeozoic  times  allowed  marine 
and  land  life  to  develop  and  progress  in  those  areas  at  interrupted 
periods  only  ;  consequently  most  of  the  progressive  changes  in  the 
life  had  to  take  place  in  more  equatorial  areas,  where  the  sea-bottom 
was  less  disturbed,  and  where  the  temperature  was  more  equable. 
Any  imperfection  therefore  in  the  Palseontological  record  belonging 
to  these  early  times  should  be  attributed  to  these  and  like  circum- 
stances ;  for  wherever  an  approach  to  a  complete  record  of  any  part 
of  the  chain  is  preserved  to  us,  the  evidence  points  unmistakably  to 
an  order  of  development,  thi'ough  a  process  of  evolution  from  lower 
to  higher  grades  of  life. 

XXI.  Intelligence  and  Miscellaneous  Articles. 

KECOMPOSITION  OF  THE  COMPONENT  COLOURS  OF  WHITE  LIGHT. 
To  the  Editors  of  the  Philosophiccd  Magazine  and  Journal. 

University  College,  Toronto, 
Gentlemen,  January  13,  1876. 

nPHE  following  experiment  to  illustrate  the  reeomposition  of  the 
-■-  component  colours  of  white  light  was  devised  by  me  about  a 
year  ago ;  and  as  I  have  looked  in  vain  for  it  in  the  scientific 
periodicals  and  works  on  experimental  physics  with  which  I  am 
acquainted,  I  have  thought  it  might  be  useful  to  some  of  your 
readers. 

The  spectrum  of  the  light  of  the  sun  or  of  the  electric  lamp  is 
formed  in  the  usual  way,  the  slit  being  vertical ;  and  the  spectrum 
is  projected  on  to  the  screen  by  means  of  a  small  plane  mirror 
placed  close  to  the  prism.  If  this  mirror  be  capable  of  vibrating 
through  a  small  angle  around  a  vertical  axis,  the  vibrating  spectrum 
on  the  screen  will  give  rise  to  a  horizontal  band  of  white  light  with 
red  and  blue  ends. 

The  advantages  of  thi_s  method  over  that  of  the  vibrating  prism 
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are  so  obvious  that  it  will  be  surprising  if  it  has  not  already  oc- 
curred to  soiue  oue.  Not  only  are  the  results  better,  but  the  expe- 
riment is  more  easily  performed.  For  the  purpose  1  have  employed 
the  vibrating  prism  maiuifactured  by  IMr.  Ladd  of  London,  to  one 
face  of  which  1  have  alKxed  a  small  plane  mirror. 

1  am,  Gentlemen, 

Yours  faithfully, 

.  J.  Loudon, 
Prof.  Math.  Sf  Nat.  Phil., 
Univ.  Coll.  Toronto. 

ON  THE  TRANSPARENCE  OF  FLAMES  AND  OF  THE  ATMOSPHERE, 
AND  ON  THE  VISIBILITY  OF  SCINTILLATING  SIGNAL-LIGHTS. 
MEMOIRS  BY  E.  ALLARD.       (ABSTRACT  BY  THE  AUTHOR.) 

I  have  the  honour  to  present  to  the  Academy  several  memoirs 
relative  to  some  experimental  and  theoretic  researches  which  I 
have  been  led  to  make  in  the  exercise  of  my  functions  at  the  Depot 
Central  des  Phares. 

The  first  memoir  is  concerning  the  transparence  of  flames.  The 
burners  of  the  lamps  employed  in  the  light-house  service  have 
diameters  increasing  from  3  up  to  13  centims.,  and  carry  from  one 
to  six  concentric  \vdcks.  By  measuring  the  luminous  intensities 
of  the  flames  produced  by  them,  it  is  ascertained  that  these  inten- 
sities augment  a  little  less  rapidly  than  the  consumption  of  oil ; 
and  if  compared  with,  the  dimensions  of  the  flames,  the  intensity 
per  square  centimetre  of  apparent  surface  is  found  to  go  on  aug- 
menting, \\hilst,  on  the  contrary,  the  intensity  per  cubic  centi- 
metre of  volume  diminishes  in  proportion  as  the  diameter  becomes 
greater.  These  results  can  only  be  explained  by  admitting  that 
the  transparence  of  the  flame  is  not  absolute.  I  have  sought  to 
determine  the  coefficient  of  this  transparence  by  three  series  of. 
experiments  : — first  by  measuring  the  intensity  of  different  flames 
with  flat  wick,  seen  in  front  or  sideways  ;  then  by  means  of  a 
catadioptric  reflector,  which  sends  back  towards  its  focus  ihe  rays 
which  it  receives,  and  thus  obliges  them  to  pass  through  the  flame  ; 
and,  lastly,  by  measuring  the  intensity  of  an  electric  light  through 
a  flame  of  large  diameter.  I  have  been  led  to  adopt  0-80  as  the 
mean  value  of  the  coefficient,  referred  to  the  centimetre  of  thickness 
traversed. 

After  establishing  the  theoretic  formula  giving  the  effective 
intensity  of  a  flame  as  a  function  of  its  volume  and  its  coefficient 
of  transparency,  1  perceived  that,  to  account  for  the  observed 
intensities,  it  was  necessary,  with  a  coefficient  of  0"80,  to  attribute 
to  the  flames  mean  specific  intensities  increasing  a  little  with 
the  diameter.  Multiplying  these  specific  intensities  each  by  the 
volume  of  its  flame,  I  find  that  the  total  quantity  of  light  produced 
(or  the  absolute  intensity)  increases  much  more  quickly  than  the 
weight  of  oil  consumed  ;  but,  as  the  quantity  of  light  absorbed  by 
the  passage  of  the  ray  through  the  flame  increases  in  a  still  greater 
proportion,  the  difference   between  these  tw  o  quantities  {ov  the 
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effective  iuteusity)  follows  a  law  of  increase  a  little  less  rapid  than 
the  consumption  of  oil,  as  indicated  by  experiment. 

The  second  memoir  relates  to  the  nocturnal  transparence  of  the 
atmosphere.  The  observations  made  by  the  lighthouse-keepers  on 
the  visibility  of  the  neighbouring  lights  consist  in  noting,  three 
times  each  night,  whether  each  of  those  lights  can  or  cannot  be 
perceived ;  so  that  at  the  end  of  a  certain  number  of  years  it  is 
known  how  many  times  per  cent,  each  of  the  lights  is  visible.  On 
the  other  hand,  the  equation  of  the  luminous  ranges,  and  the  graphic 
Table  which  I  have  constructed  for  its  i*eady  solution  in  all  cases, 
make  known,  for  each  of  the  lights  observed,  what  is  the  lowest 
state  of  transparence  at  which  it  ceases  to  be  seen  from  the  place 
of  observation.  The  information  supplied  by  the  keepers  makes 
known,  therefore,  during  what  fraction  n  of  the  total  duration  of 
the  nights  the  transparence  of  the  air  remains  above  a  cei'tain 
value  represented  by  a  coefficient  a ;  and  as  we  have  a  series  of 
corresponding  Aalues  of  n  and  «,  we  can,  by  constructing  the  points 
which  have  these  values  for  coordinates,  determine  a  more  or  less 
regular  curve.  This  curve  generally  permits  us  to  determine  the 
degree  of  transparence  above  which  the  atmosphere  is  maintained 
during  a  given  fraction  of  the  year.  It  is  found,  for  example, 
that  during  half  the  year  the  transparence-coefficient  remains  above 
0-910  per  Idlometre  on  the  Ocean,  and  above  0-932  on  the  Mediter- 
ranean. Similar  curves  constructed  for  different  sections  of  the 
coast,  and  for  the  four  seasons  of  the  year,  enable  us  to  account  for 
the  variations  inidergone  by  the  transparence  of  the  atmosphere. 

Lastly,  in  a  third  memoir,  I  examine  the  impressions  produced 
on  the  visual  organ  by  the  scintillating  lights  obtained  by  the 
more  or  less  rapid  rotation  of  a  system  of  lenses  A^dth  explosions. 
Experiment  shows  that,  if  a  luminous  discharge  is  caused  to  pass 
before  the  eye,  the  impression  experienced  goes  on  diminishing  in 
proportion  as  the  velocity  is  augmented.  If  a  series  of  discharges, 
succeeding  one  another  at  equal  intervals,  passes,  with  low  velo- 
cities each  discharge  produces  nearly  the  same  effect  as  if  it  were 
isolated  ;  then,  when  the  velocity  increases,  the  impression,  while 
diminishing  in  intensity,  is  prolonged  until  the  commencement  of 
that  produced  by  the  following  burst,  so  that  one  has  the  sensation 
of  a  light  agitated  with  a  more  or  less  rapid  trembling.  If  the 
velocity  be  further  augmented,  the  trembling  tends  to  disappear, 
and  at  last  there  is  the  sensation  of  a  continuous  light  which 
possesses  nearly  the  intensity  of  that  which  would  be  got  by  spread- 
ing uniformly  round  the  horizon  the  quantity  of  light  contained  in 
the  explosions. 

These  are  the  facts  of  which  I  have  sought  the  theoretic  expla- 
nation. I  first  admitted  that,  when  a  luminous  source  acting  on 
the  eye  vanishes  suddenly,  the  impression  grows  weaker  with  a 
velocity  at  each  instant  proportional  to  the  value  of  the  impression, 
according  to  the  law  given  by  Newton  for  cooling.  From  this  we 
can  easily  deduce  the  value  of  the  impression  experienced  by  the 
eye  when  submitted  to  the  action  of  a  light  variable  with  time  ;  in 
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fact,  it  sufiices  to  calculate  the  value,  at  a  fixed  iustant,  of  each  of 
the  preceding  impressions,  and  to  add  the  results.  FonnuUe  are 
thus  obtained  the  discussion  of  A\hich  conducts  to  the  same  con- 
sequences as  observation  of  the  facts.  I  have  nevertheless  marked 
a  difference :  it  is  that  the  fixed  light,  of  vhich  we  have  the  sensa- 
tion when  the  velocity  is  very  great,  has  in  practice  an  intensity 
one  or  t«o  tenths  below  that  given  by  the  formula.  This  depends, 
doubtless,  on  the  circumstance  that,  in  establishing  the  formula, 
account  has  been  taken  of  all  the  impi-essions,  even  of  those  which 
have  become  too  feeble  isolatedly  to  produce  a  sensation,  thus  ad- 
mitting that  these  impressions,  though  insensible  by  themselves, 
may  accumulate  so  as  to  become  sensible  by  their  sum.  Experi- 
ence seems  to  indicate  that  it  is  not  quite  so ;  and  if  the  results 
given  by  it  could  be  suiKciently  precise,  there  would  hence,  per- 
haps, result  a  means  of  determining  in  every  case  the  time  during 
which  the  impression  on  the  retina  remains  sensible. — Comptes 
liendus  de  I'Academie  des  Sciences,  Dec.  6,  1875,  pp.  1096-1098. 


ON  SOMK  PROPERTIES  OF  GALLIUM. 
BY  LECOQ  DE  BOISBAUDRAN. 

After  some  trials  which  the  scarcity  of  material  rendered  long 
and  laborious,  I  prepared  some  salts  of  gallium  sufficiently  pure  to 
give  in  the  spectroscope,  besides  a  magnificent  spectrum  of  gallium, 
only  a  feeble  trace  of  the  zinc  lines  Zn  a  144-62  and  Zn  y  150*05. 
Such  a  proportion  of  zinc  is  far  below  the  limit  of  sensibility  with 
the  ordinary  reagents. 

In  examining  the  properties  of  the  pure  salts  of  gallium,  I  have 
noted  certain  divergences  from  what  is  presented  when  the  gallium 
is  mixed  with  much  zinc.  In  the  maiti,  this  is  not  surprising  ;  but 
it  ■oill  demand  fresh  researches,  with  which  I  shall  occupy  myself 
as  soon  as  I  have  renewed  my  store  of  gallium,  which  is  exhausted 
by  the  following  essays  and  what  I  send  to-day. 

Here  is  first  the  continuation  of  the  facts  observed  in  mixtures 
of  galHum  and  zinc : — 

(IS)*.  Ferrocyanide  of  potassium  appears  to  behave  with  gallium 
as  with  zinc.  To  a  dilute  solution  of  chlorides  of  zinc  and  gallium 
y^g  of  its  voliune  of  concentrated  HCl  was  added,  then  a  slight 
excess  of  yellow  prussiate ;  lastly,  to  the  liquor  was  added  four 
times  its  volume  of  water.  The  whole  of  the  gallium  and  all  the 
zinc  were  precipitated.  The  ferrocyanides  were  washed  with  pretty 
strong  HCl,  and  then  decomposed  by  sulphydrate  of  ammonia. 
The  chlorhydric  solution  of  the  sulphides  gave  the  lines  of  Zn  and 
Ga  brilliantly. 

(19)  A  plate  of  cadmium  does  not  precipitate  any  thiiig  from  a 
solution  of  chlorides  of  zinc  and  gallium,  even  after  ebullition. 

(20)  With  fractional  precipitation  by  carbonate  of  soda,  with 
boiling,  of  a  ZnCl2  containing  gallium,  the  latter  metal  is  concen- 
trated in  the  first  portions  thrown  down.     The  separation  is  so 

*  See  Phil.  Mag.  [R  .]  vol.  1.  p.  414. 


174  Intelligence  and  Miscellaneous  Articles. 

clean  that  one  of  the  precipitates  may  give  the  lines  of  gallium 
brighter  than  those  of  zinc,  while  the  following  one  shows  a  feeble 
imago  of  the  line  Gaa417  and  a  bright  spectrum  of  zinc, 

(21)  If  acetic  acid  be  added  to  an  ammoniacal  solution  of  sul- 
phates or  chlorides  of  gallium  and  zinc,  almost  the  whole  of  the  gal- 
lium separates  in  the  form  of  a  gelatinous  flocculent  white  precipi- 
tate, which  is  not  redissolved  by  boiling  with  a  considerable  excess 
of  C,  H,  O,. 

I  now  examine  certain  reactions  of  pure  salts  of  gallium. 

1.  The  electric  spectrum  of  slightly  concentrated  chloride  of  gal- 
lium is  very  brilliant.  The  line  417  "is  much  brighter  than  the  line 
404.  I  have  not  observed  any  other  line  attributable  to  gallium  ; 
there  is  certainly  not  any  of  notable  intensity,  at  least  under  the 
physical  conditions  of  my  operations.  The  colour  of  the  spark 
bursting  on  chloride  of  gallium  is  a  beautiful  light  \'iolet, 

2.  In  the  gas-flame  I  obtained  only  the  line  Gaa417;  and  it 
was  very  faint  and  fugitive,  even  with  a  salt  that  gave  a  brilliant 
electric  spectrum. 

3.  The  chloride  and  the  sulphate  of  gallium  are  precipitated  by 
NHg ;  but  the  precipitate  is  in  great  part  redissolved  in  an  excess 
of  NHg.  Taking  up  by  HCl  the  portion  not  dissolved  by  NHg, 
and  recommencing  the  operation,  all  the  gallium  is  promptly  ob- 
tained as  ammoniacal  solution. 

4.  An  ammoniacal  solution  of  sulphate  or  chloride  of  gallium  is 
precipitated,  with  or  without  heating,  by  an  excess  of  acetic  acid 
(specimen  2).  That  precipitation  may  cease,  the  liquor  must  be 
extremely  dilute. 

5.  The  chloride  and  sulphate  of  gallium  are  not  precipitated  in 
the  cold  by  acid  acetate  of  ammonia ;  but  the  reaction  takes  place 
on  heating, 

6.  Sulphate  of  gallium,  evaporated  and  dried  till  the  white  sul- 
phuric vapours  nearly  cease  to  be  evolved,  does  not  lose  its  solubility 
in  water, 

7.  Sulphate  of  gallium  is  soluble  in  alcohol  of  60  per  cent. 

8.  I  have  obtained  a  salt  which  I  confidently  believe  to  be  am- 
monio  gallic  alum*.  I'or  want  of  a  sufficient  quantity,  I  have  not 
been  able  to  analyze  it,  nor  to  measure  the  angles ;  but  its  charac- 
ters appear  sufficiently  well  marked  to  convince  me,  reserving  ulte- 
rior verification.  The  foUowiug  facts  refer  to  the  small  crystals  of 
specimen  3. 

9.  Gallium-alum  is  soluble  in  cold  water ;  but  if  it  be  heated, 
the  salt  is  decomposed  and  the  liquor  becomes  very  thick, 

10.  This  alum  is  not  decomposed  by  hot  water  with  the  addition 
of  acetic  acid. 

11.  The  alum  readily  crystallizes  in  cubes  and  octahedrons,  pre- 
senting exactly  the  aspect  of  common  alum ;  its  solution,  too,  eva- 
porated under  the  microscope,  pursues  the  characteristic  course 
of  the  known  alums. 

*  There  caunot  have  been  present  any  other  alkali  than  ^NHj  and  traces 
of  Na. 
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12.  The  crystals  of  gaUium-alum  do  not  act  on  polariz-cd  light 
(between  two  Nicols  at  extinction). 

13.  A  small  crystal  of  gallium-alum  was  kept  some  time  under 
water,  and  then  removed  into  a  slightly  supersaturated  solution  of 
alumino-ammoniacal  alum  ;  it  immediately  began  to  grow,  and  de- 
termined the  crystallization  of  the  liquor. 

14.  With  ammonia  in  excess,  gallium-alum  behaves  like  the  other 
salts  of  this  metal :  a  portion  of  the  oxide  is  precipitated  ;  the  other 
part  remains  in  solution. 

15.  The  very  acid  solution  of  Ga^  Cl^  is  precipitated  by  the  yel- 
low prussiate  (specimen  4). 

IG.  The  ammouiacal  solution  of  sulphate  of  gallium  is  decom- 
posed by  the  voltaic  current.  Metallic  gallium  is  deposited  on 
the  platinum  plate  which  serves  as  negative  electrode.  The  posi- 
tive electrode  becomes  covered  at  the  same  time  with  a  \Ahitish 
coating,  consisting  of  a  pellicle  which  is  easily  detached  from  the 
platinum  and  is  insoluble  in  a  large  excess  of  JNII3  (specimen  5). 
in  a  lirst  operation  1"6  milligramme  was  deposited  in  4  hours  30 
minutes  on  a  platinum  plate  of  about  185  square  millims.  superficies. 
The  surface  of  the  positi\'c  electrode  was  877  square  millims.  The 
pile  was  composed  of  five  bichromate  couples  (zincs  17  X  10  centims.) 
coupled  in  tension.  The  sample  which  I  have  the  honour  to  offer  to 
the  Academy  (No.  1)  weighs  3'4  milligrammes  :  it  was  deposited  in  5 
hours  40  minutes,  on  a  surface  of  123  or  124  square  millims. ;  the 
positive  electrode  had  a  surface  of  877  square  millims. ;  the  current 
was  supplied  by  ten  bichromate  elements  (zincs  17x10  centims.) 
coupled  in  tension. 

17.  Electro-deposited  gallium  forms  a  very  adhesive  layer.  It  is 
hard.  It  cannot  be  very  well  polished  by  rubbing  it  with  an  agate 
biu-nisher ;  a  better  polish  is  obtained  by  forcible  compression  under 
the  burnisher  :  these  two  operations  were  performed  on  two  faces 
of  specimen  1.  By  the  latter  method  the  metal  acquires  a  brilliant 
lustre,  and  appeared  to  me  rather  whiter  than  platinum.  When 
the  electric  current  is  suitably  regulated,  as  well  as  the  relative 
dimensions  of  the  electrodes,  the  gallium  presents  a  fine  frosted 
surface  of  silvery  whiteness,  finely  granulated,  and  strewed  with 
brilliant  points,  which  the  microscope  shows  to  be  crj'stals. 

18.  Deposited  on  platinum,  gallium  does  not  oxidize  notably 
during  the  washing  with  cold  or  boiling  water*,  nor  when  dried  at 
nearly  200°  in  free  air.  It  decomposes  water  acidulated  with  IICI 
cold,  and  more  rapidly  when  heated,  with  brisk  liberation  of  hy- 
drogen. 

The  salts  of  gallium  which  have  hitherto  served  for  my  researches 
were  derived  from  the  blende  of  Pierrefit,  of  which  a  copious  supply 
was  obligingly  sent  me  by  M.  Malgor,  Engineer  of  the  Mine ;  but 
I  have  ascertained  the  presence  of  the  new  metal  in  other  ores  of 
zinc,  especially  in  a  transparent  blende  from  Santander,  given  me 
by  M.  Friedil.     I  believe  that  gallium  will  be  met  with  in  all  the 

*  The  pnli.-^hed  surface,  however,  is  a  little  dulled  after  several  days, 
doubtless  in  cousequcuce  of  a  shght  superficial  oxidation. 
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bleudes  ;  I  hope  it  will  uot  be  long  ere  I  possess  more  ample  infor- 
mation on  this  point. 

The  gallium  which  I  extracted  from  the  blendes  came  really  from 
those  minerals,  and  not  from  the  metallic  zinc  (Vieille-Montagne) 
employed  for  the  precipitations ;  for  I  have  obtained  no  traces  of 
gallium  with  quantities  of  this  zinc  greater  than  what  would  have  been 
necessary  of  blende  to  get  a  very  pure  spectral  reaction  of  gallium. 

My  last  investigations  have  confirmed  the  scarcity  of  gallium  in 
blende.  The  extreme  delicacy  of  the  spectral  reaction  had  even 
caused  me  to  estimate  too  high  the  quantities  obtained.  I  do  not 
think  I  exaggerate  in  sajdug  that,  at  the  time  of  my  first  observa- 
tion, I  possessed  at  most  j^  of  a  milligramme  of  the  new  substance 
dissolved  in  a  very  little  drop  of  liquid.  I  may  remark  that  spectral 
examination  of  so  minute  a  quantity  would  have  been  impossible 
before  the  considerable  reduction  which  I  made  in  the  dimensions 
of  the  apparatus  for  obtaining  electrical  spectra,  and  without  the 
employment  (which  I  adopted)  of  very  small  sparks. 

If,  as  I  suppose,  there  is  no  error  concerning  the  nature  of  my 
gallium-alum,  the  existence  of  this  salt  fixes  the  atomicity  of  the 
new  element,  and  assigns  to  its  oxide  the  same  chemical  function  as 
that  of  alumina.  The  oxide  of  gallium  will  therefore  be  written 
Ga^  O3. — Comptes  Rendiis  de  VAcademie  des  Sciences,  Dec.  6,  1875, 
pp.  1100-1104. 

ON  THE  SPECTRUM  OF  GALLIUM.       BY  LECOQ  DE  BOISBAUDRAN. 

I  have  again  measured  the  wave-lengths  of  the  Knes  of  gallium 
under  conditions  of  accuracy  which  the  feeble  brightness  of  the 
spectrum  obtained  did  not  permit  me  to  realize  at  the  time  of  my 
first  determination*  ;  and  I  have  found  precisely  the  same  number 
for  the  principal  line,  while  the  less  brilliant  one  is  a  little  less  re- 
frangible than  I  at  first  estimated  it. 

With  the  chloride  of  gallium,  considerably  more  concentrated  t, 
which  I  have  recently  submitted  to  the  action  of  the  electric  spark, 
I  have  observed  no  other  hnes  than  the  two  following ;  if,  then, 
others  should  be  found  with  highly  concentrated  solutions,  they  can 
only  be  faint. 

Position  on 

micrometer.  X.        f  Narrow,  strong.     Notably  brighter  in  a 

a.  193'72  417*0  \      spark  of  medium  length  than  in  a  very 

[      short  spark. 

{'  Karrow,  well  marked,  but  much  fainter 
than  a  193-72.    Notablv  brighter  with 
a  medium  spark  than  with  a  very  short 
one. 
The  line  a  417"0  is  characteristic  of  gallium ;  this  is  a  very  delicate 
reaction. — Comptes  Rendus  del' Acad,  dcs Sci.  Jan.  10, 1876,  p.  168. 
*  Comptes  Rendus,  vol.  lxxx\-i.  p.  494,  Sept.  20, 1875 ;  Phil.  Mag.  [IV.] 
vol.  1.  p.  415. 

t  The  relative  intensities  indicated  in  the  description  of  the  lines  refer 
to  the  mean  state  of  coaceutratiou  of  the  solution  now  employed. 

X  The  lint)  Ga/3  is  much  more  difficult  to  measure  than  Ga  «;  I  never- 
theless do  not  think  that  the  error  of  X  much  exceeds  O'l. 
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XXII.  On  Crookes's  Radiometer.    By  G.  JoHNSTONE  Stoney, 
M.A.,F.R.S.j  Secretary  to  the  Queens   University  in  Ireland. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Hampstead,  February  19, 1876. 
Gentlemen, 

AS  Mr.  Crookes's  Radiometer  is  at  present  deservedly  at- 
tracting a  large  share  of  attention,  it  will  probably  not 
be  Avithout  interest  to  many  of  your  readers,  and  may  perhaps 
dispel  some  illusions,  to  point  out  that  the  excess  of  pressure 
Avhich  he  has  observed  is  within  the  limits  of  what  may  be 
accounted  for  by  the  known  properties  of  the  material  agents 
that  are  present. 

I  am.  Gentlemen, 

Yours  faithfully, 

G.  Johnstone  Stoney. 


1.  The  Radiometer,  as  I  have  seen  it  in  Mr.  Apps's  shop, 
consists  of  four  vanes  supported  at  the  ends  of  slender  plati- 
num arms,  and  mo  Arable  in  a  horizontal  circle  on  a  cap  rest- 
ing on  a  steel  point  at  the  centre.  I  was  informed  that  each 
vane  consists  of  three  folds  of  thin  platinum  foil.  The  faces 
of  the  vanes  are  presented  horizojitally,  and  are  each  about 
two  square  centimetres  in  area.  One  face  of  each  vane  is 
blackened.  The  Avhole  is  mounted  within  a  small  glass  cham- 
ber, some  six  or  seven  centimetres  across,  which  I  was  told 
had  been  exhausted  by  the  prolonged  action  of  a  Sprengel 
pump. 

2.  When  this  a]:)paratus  is  exposed  to  light  falling  horizon- 
Phil.  Mag.  S.  5.  Vol.  1.  No.  3.  March  187G.  0 
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tally  upon  it,  the  vanes  move  in  the  direction  which  indicates 
an  excess  of  pressure  on  the  blackened  sides.  Mr.  Crookes 
has  measured  this  excess  of  pressure  ;  and  its  amount,  when 
the  li<^ht  of  a  standard  candle  six  inches  distant  was  allowed 
to  fall  on  blackened  pith,  is  stated  to  have  been  0"001772  of  a 
^rain  upon  a  surface  of  two  square  inches  (see  an  article  on 
"  Weighing  "  a  Beam  of  Light,  in  '  Engineering'  of  the  18th 
February,  1876)..  This  is  a  pressure  of  somewhat  less  than 
the  hundredth  of  a  milligramme  on  each  square  centimetre. 
It  is  the  object  of  the  present  communication  to  show  that  an 
excess  of  pressure  of  about  this  amount  will  arise  under  the 
operation  of  laiOAvn  laws. 

3.  When  a  chamber  of  such  a  size  as  to  hold  the  foregoing 
apparatus  is  exposed  to  the  prolonged  action  of  a  good  Spren- 
gel  pump,  say  for  18  or  24  hours,  it  is  not  likely  that  the 
outstanding  pressure  has  been  reduced  lower  than  about  the 
tenth  of  a  millimetre  of  mercury  ;  and  as  it  is  not  likely  that 
any  practicable  prolongation  of  the  action  of  the  pump  would 
carry  the  exhaustion  much  further,  I  will  assume  that  the 
pressure  A^dthin  the  chamber  is  0*1  of  a  millim.*  This  outstand- 
ing pressure  is  caused  in  part  by  atmospheric  air,  and  in  part 
by  the  vapours  of  mercury  and  of  hydrocarbons,  to  which 
should  perhaps  be  added  vapours  of  platinum,  glass,  and 
other  substances.  But  it  will  simplify  our  investigation,  and 
not  materially  atfect  our  results,  to  treat  it  as  consisting  en- 
tirely of  atmospheric  air. 

4.  Upon  the  blackened  surface  of  the  vane  fell  those  radia- 
tions from  the  candle  which  are  capable  of  passing  through 
glass.  These  will  have  a  heating-power  not  very  far  from 
that  which  Draper's  law  assigns,  according  to  which  the  heat 
that  accompanies  daylight  is  proportional  to  u\,  iv^,  lOi  and 
tCg  being  the  wave-lengths  of  the  longest  and  shortest  undula- 
tions for  which  the  glass  is  transparent.  These  will  heat  the 
blackened  disk  in  a  considerable  degree,  but  not  the  transpa- 
rent glass.  I  shall  assume  that  the  disk  is  heated  one  tenth 
of  a  degree  Centigrade  more  than  the  glass.  The  disk  in 
turn  will  warm  a  layer  of  the  air  in  contact  with  it.  Through- 
out the  thickness  of  a  layer  of  this  kind,  if  not  interfered  with, 

*  I  cannot  refrain  from  observing  here  bow  entirely  remote  such  a 
cbamber  is  from  being  empty.  It  follows  from  what  we  know  of  tbe 
number  of  molecules  in  gases  at  ordiuar}'  pressiu-es,  that  tlie  number  re- 
maining in  this  so-called  vacuum  will  be  somewhere  about  a  imit-fom*- 
teen,  i.  e.  one  hundred  millions  of  millions  in  eveiy  cubic  millimetre 
(see  Prof.  J.  Loschmidt,  "Zur  Grosse  der  Luflmoleciile,'"  Academy  of 
Vienna,  Oct,  12,  1865;  G.  Johnstone  Stoney  on  the  Internal  Motions  of 
Gases,  Phil.  Mag.,  Aug.  1868;  Sir  William  Thomson  ou  the  Size  of 
Atoms,  Nature,  March  31,  1870). 
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the  temperature  varies  gradually,  having  on  one  side  the  tem- 
perature of  the  surrounding  air,  and  on  the  other  the  tempera- 
ture of  the  disk. 

5.  If  the  chamber  enclosing  the  apparatus  contained  air 
at  atmospheric  pressure  and  temjierature,  this  layer  Avould  l)e 
thin.  It  Avould  consist  of  air  which  has  been  expanded  by  the 
warmth  of  the  disk,  while  the  air  in  the  rest  of  the  chamber 
would  by  this  expansion  be  in  a  trifling  degree  compressed. 
In  other  words,  the  molecules  whoso  activity  has  been  in- 
creased by  contact  with  the  heated  disk  would,  in  their  en- 
counters Avith  other  molecules,  keep  back  some  of  them,  and 
in  this  way  reduce  the  number  of  molecules  striking  the  lieatc^d 
disk,  while  this  process  would  slightly  crowd  molecules  into 
the  rest  of  the  chamber,  and  thus  increase  the  number  coming 
into  collision  with  unheated  surfaces.  In  this  way  the  pres- 
sure everywhere  is  in  a  small  degree  raised,  but  everything  is 
adjusted  so  that  there  is  no  excess  of  jiressure  anywhere  ;  and 
this  adjustment  takes  place  in  an  exceedingly  short  period  of 
time,  so  short  that  no  sensible  motion  of  the  disk  can  establish 
itself  while  it  is  being  effected.  In  fact  the  number  of  molecules 
per  cubic  millimetre  in  atmospheric  air  is  knoA^ai  to  be  about  a 
unit-eighteen  * ;  the  molecules  are  dashing  about  with  velocities 
of  which  the  average  is  about  500  metres  per  second ;  each 
meet ;  Avith  about  1000  millions  of  encounters  with  others  in 
every  second  ;  and  the  adjustment  accordingly  takes  place  '.vith 
what  is  promptitude  as  compared  with  visible  motions  (see 
paper  on  the  Internal  Motions  of  Gases,  in  the  Philosophical 
Magazine  of  August  1868). 

6.  It  is  necessary  for  our  purpose  to  form  some  estimate 
of  the  thickness  of  the  layer  of  Avarmed  air.  In  the  absence 
of  direct  experiments  t,  I  will  assume  that  this  layer  of  gra- 
duated temperature  would  in  ordinary  air  be  one  fourth- 
metre  thick  (about  as  thick  as  a  sheet  of  paper)  if  the  disk 
were  20°  Centigrade  hotter  than  the  air.  This  seems  a  very 
moderate  estimate,  judging  from  the  copiousness  of  the  con- 
vection currents  which  would  quickly  establish  themselves  if 
there  were  such  a  difference  of  temperature.  And  from  this 
assumption  it  follows  that  if  the  temperature  of  the  disk  had 
been  raised  0*1  of  a  degree  before  the  chamber  was  exhausted, 
which  I  have  assumed  to  be  about  the  elevation  of  tempera- 
ture that  actually  takes  place  in  the  radiometer,  the  thickness 
of  the  warmed  layer  of  air  would  have  been  half  a  sixth-metre. 
Tliis  is  a  Aery  small  thickness.     It  is  about  the  Avave-length 

*  Tliat  is,  a  million  of  millions  of  millions. 

t  It  AN^ill  appear  from  the  sequel  that  the  Eadiometer  maj-  be  made  the 
means  of  determining  by  experiment  the  thickness  of  this  layer. 
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of  light  of  mean  refraiifribility,  and  about  one  sixteenth  of 
the  diameter  of  the  disks  which  float  in  human  blood.  Let  us 
suppose,  then,  that  a  layer  of  this  thickness  is  heated,  irre- 
spective of  convection,  when  ordinary  air  is  inside  the  ap- 
paratus. 

7.  On  the  foregoing  assumptions,  we  can  compute  Avhat  the 
state  of  things  will  be  when  the  chamber  is  exhausted.  When 
the  pressure  is  made  to  vary,  it  appears  from  the  doctrine  of 
probabilities  that  the  value  of  \  (using  \  to  designate  the  length 
or  the  average  excursion  of  a  molecule,  i.  e.  the  distance  a 
molecule  on  the  average  travels  in  the  intervals  between  two 
of  its  encounters  Avith  other  molecules)  will  vary  inversely  as 
Si,  S  being  the  density.  Now  the  thickness  of  the  layer  of 
graduated  temperature  depends  on  \,  and  will  vary  in  the 
same  ratio  as  it.  We  have  supposed  the  density  in  our 
vacuum-chamber  to  be  y^^  of  an  atmosphere ;  it  will  follow 
that  the  thickness  of  the  heated  layer  in  this  attenuated 
medium  would  be  10,000^  times  what  it  is  in  ordinary  air, 
and  would  therefore  become  half  a  sixth-metre  x  10,000i,  which 
is  more  than  a  decimetre.  It  therefore  reaches  quite  to  the 
walls  of  our  little  vacuum-chamber  ;  and  this  very  materially 
alters  the  state  of  affairs. 

8.  In  fact  we  have  on  one  side  glass  at  a  temperature  of, 
suppose,  15°,  on  the  other  a  disk  at  a  temperature  of  15°'l, 
and  between  them  a  space  which  is  only  a  part  of  what 
would  be  required  to  establish  a  complete  gradient  of  tem- 
perature in  the  intervening  air.  This  is  equivalent  to  saying 
that  some  of  the  additional  momentum  communicated  to 
molecules  of  air  by  the  heated  disk,  instead  of  expending 
itself  in  interaerial  collisions  and  thus  increasing  the  general 
temperature  and  pressure  of  the  air,  makes  its  way  across  the 
intervening  stratum  to  the  opposite  walls  of  glass,  where  it 
occasions  an  increased  pressure  against  them,  of  which  the  re- 
sultant is  directed  perpendicularly  from  the  disk.  The  mo- 
mentum of  the  accelerated  molecules  which  reach  the  glass 
falls  after  the  contact  of  the  molecules  with  the  glass  to  the 
feebler  type  corresponding  to  its  lower  temperature  ;  and  it  is 
chiefly  momentum  of  this  feebler  type  whish  makes  its  way 
to  regions  behind  the  disk.  An  excess  of  force  equal  and 
opposite  to  that  on  the  glass  acts  against  the  front  of  the  disk, 
and  is  sufficient  to  account  for  the  phenomena  which  Mr. 
Crookes  has  investigated  *.  For  its  amount  may  be  approx- 
imated to  as  follows. 

*  This  little  heat-engine  may  be  otherwise   described  as  follows : — 
There  is  active  motion  of  the  molecules  of  air  in  all  parts  of  the  chamber ; 
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9.  Instead  of  the  actual  condition  of  tlio  molecules  whicli 
come  into  collision  with  the  heated  disk,  we  may  substitute 
one  more  convenient  for  calculatiou.  The  resulting  pressure 
will  be  the  same  as  if  some  moderate  proportion  of  the  mole- 
cules, say  one  third  of  them,  had  reached  it  with  velocities 
corresponding  to  the  temjierature  15°-1,  while  the  remaining 
two  thirds  reached  it  with  velocities  corresponding  to  15°.  Wo 
may  further  regard  the  increased  pressure  on  the  disk  caused 
by  the  former  class  of  molecules  as  equal  in  amount  to  the 
portion  which  is  compensated  by  the  slight  reductions  of 
density  in  the  neighbourhood  of  the  disk,  and  by  the  slightly 
increased  temperature  and  density  elsewhere,  which  are  due 
to  the  existence  of  a  portion  of  the  gradient.  Under  this 
h\-]iothesis  the  effect  of  these  molecules  may  be  left  out 
of  account.  There  would,  however,  remain  the  augmented 
pressure  arising  from  the  other  two  thirds  of  the  molecules, 
uncompensated  so  far  as  regions  behind  the  disk  are  con- 
cerned ;  and  it  is  the  amount  of  this  pressure  which  we  have 
now  to  estimate.  The  molecules  in  question  reach  the  disk, 
according  to  the  hypothesis,  with  velocities  corresponding  to 
15°,  and  are  throA\7i  off  from  it  with  velocities  corresponding 
to  15°*1.  It  is  easy  to  see  that  the  augmentation  of  pressure 
which  they  will  produce  upon  the  disk,  will  be  half  what 
would  arise  if  they  had  reached  the  disk  as  well  as  left  it  with 
velocities  corresponding  to  the  higher  temperature.  This 
latter  can  be  calculated  by  Boyle  and  Mariotte's  law.     It  is 

two  thirds  of  a  decigramme  X  — =7^ — —^,     or  0*000,023    of 

a  gramme  per  square  centimetre.  The  uncompensated  excess 
of  pressure  on  the  disk  will,  upon  the  assumptions  we  have 
made,  be  half  of  this,  or  0*000,011,5  of  a  gramme  per  square 
centimetre,  the  amount  as  determined  experimentally  by  Mr. 
Crookes  being  0*000,01 .  Accordingly  an  elevation  of  the 
temperature  of  the  blackened  face  of  the  disk  to  the  extent  of 
about  one  tenth  of  a  degree  above  the  temperature  of  the  glass 
and  the  back  of  the  disk,  is  enough  to  account  for  the  observed 
pressure. 

but  it  is  more  aetiye  in  front  of  the  disk  than  behind,  and  causes  increased 
pressure  there,  because  the  addition  made  to  the  motions  by  the  heated  disk 
has  a  direction  as  well  as  a  quantity ;  and  it  has  a  direction,  because  cool,  i.e. 
slow-moving,  molecules  can  crowd  up  to  the  disk  and  are  thro-ma  oft"  by  it 
■Rnth  their  velocities  increased.  This  does  not  happen  if  what  I  have 
called  the  gi-adient  is  complete.  In  that  case  the  swift  molecules  within 
the  limits  of  the  gradient  are  sufiiciently  numerous  to  be  able  to  keep 
back  the  slower-moving  molecules  beyond ;  accordingly  the  molecules 
that  reach  the  disk  have  as  high  velocities  before  as  after  their  contact 
with  it ;  there  is  therefore  no  resultant  in  any  direction  of  their  mo- 
mentum. In  nearly  perfect  gases  this  state  of  things  is  nearly  realized  ; 
and  accordingly  such  gases  do  not  conduct  heat. 
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XXIII.    On  a  controverted  Point  in  Laplace's   Theory  of  the 

Tides. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

JJB.  Coast  Survey  Office,  Washington, 
Gentlemen,  November  17,  1875. 

As  I  have  been  introduced,  and  very  properly,  by  Sir 
William  Tliomson  in  bis  two  recent  tidal  papers  in  the 
September  and  October  Numbers  of  the  Philosophical  Maga- 
zine as  an  indorser  and  adopter  of  certain  views  and  results 
of  Sir  Gr.  B.  Airy  contained  in  his  '  Tides  and  Waves,'  which 
Sir  William  Thomson  controverts,  I  beg  leave  to  occupy  a 
few  pages  of  your  Magazine  on  the  subject. 

The  principal  point  in  the  Jirst  paper  referred  to  is  a  defence 
of  Laplace's  method  of  determining  the  constant  A^^^  in  his 
result,  corresponding  to  K4  in  Airy's  presentation  of  it,  as 
quoted  by  Sir  William  Thomson  in  §  6 — a  method  which  has 
been  called  in  question  by  Airy,  but  which  in  this  paper  is 
characterized  as  "  Laplace's  brilliant  invention." 

With  regard  to  Laplace's  extension  of  a  general  formula, 
which  shows  the  relations  between  the  constants,  only  follow- 
ing K4  back  so  as  to  make  it  give  the  relation  between  Kg  ^wd 
K4,  where  no  such  relation  is  found  by  equating  the  coeffi- 
cients of  like  powers  of  x,  thus  making  it  determine  K4,  it  is 
not  necessary  to  add  any  thing  to  what  has  been  stated  by 
Airy  on  page  278  of  the  Philosophical  Magazine.  The  only 
argument  which  Sir  William  Thomson  advances  in  support  of 
this  process  of  Laplace's  is,  that  it  is  necessary  to  make 
the  meridional  displacement  of  the  water  zero  at  the  equa- 
tor. His  reasoning  in  §  7,  from  which  he  infers  that  Laplace's 
constant  satisfies  this  condition,  is  based  upon  the  final  ratio 
between  the  constants,  expressed  by 


2«  +  2 


=  (-iJ 


Ko^. 


But  this  ratio  is  entirely  independent  of  K4 ;  and  whatever 
value  K4  may  have,  equation  (6)  gives  this  same  relation 
between  the  constants,  where  k  is  so  great  that  the  term  con- 
taining P  in  the  denominator  can  be  neglected.  By  Sir 
William  Thomson  s  reasoning,  therefore,  the  condition  that 
the  meridional  component  of  motion  must  vanish  at  the  equator 
is  satisfied  with  any  value  of  K4  whatever  ;  and  hence  this  con- 
dition does  not  determine  it. 

A  more  direct  and  much  more  satisfactory  method  of  pro- 
ceeding in  this  case  would  be  to  substitute  the  expression  of  a*, 
*  Misprinted  u  in  the  equation. 
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equation  (3),  in  the  expression  of  it,  equation  (10)  in  Sir 
William  Thomson's  paper;  and  then  hy  putting  ?«  =  ()  wo 
should  have  an  equation  which  must  be  satisfied  where 
cosS  =  0,  in  order  to  satisfy  the  condition  above.  Now  it  is 
readily  seen  from  mere  inspection  that  equation  (10)  with 
?/  =  0  is  satisfied  at  the  equator  by  any  expression  of  a  in 
which  the  terms  contain  a  factor  which  is  any  power  whatever 
of  ;^=  sin  0,  6  being  the  polar  distance  ;  and  hence  the  expres- 
sion of  a  in  equation  (3)  satisfies  it,  not  only  with  Laplace's 
value  of  K.1,  but  with  any  assumed  value  of  K4  whatever.  The 
condition,  therefore,  that  the  meridional  component  of  motion 
must  vanish  at  the  equator  does  not  determine  K4,  and  the 
argument  in  favour  of  Laplace's  process  entirely  fails. 

At  the  close  of  §  9  Sir  William  Thomson  makes  an  im- 
portant remark  in  italics,  the  truth  of  which  must  be  conceded  ; 
and  it  therefore  renders  erroneous  certain  views  entertained 
by  Airy  and  adopted  by  myself  in  the  case  of  no  friction  with 
regard  to  the  indeterminate  character  of  the  problem  ;  for  it 
furnishes  a  condition  for  determining  K4  in  all  cases  except 
that  of  the  critical  depths  of  the  sea  which  make  the  period  of 
the  free  tidal  wave  coincide  exactly  with  that  of  the  forced 
wave.  The  expression  of  a,  equation  (3),  is  composed  of  two 
parts,  one  depending  upon  and  vanishing  yvith  the  tidal  force, 
and  the  other  depending  upon  K4,  which  is  arbitrary  and 
cannot  be  determined  from  any  condition  contained  within 
the  differential  equation  solved,  but  must,  as  is  the  case  with 
all  such  arbitrary  constants,  if  determined  at  all,  be  determined 
by  some  external  condition  not  contained  in  it.  In  order  to 
determine  K4,  therefore,  we  must  know  what  the  value  of  a  is 
when  the  force  vanishes  ;  and  then,  putting  this  value  for  a  in 
equation  (3),  we  have  an  equation  for  determining  K4,  since 
all  the  terms  then  in  the  second  member  of  the  equation  de- 
pending upon  the  force  vanish,  and  the  others  are  all  known 
functions  of  K4  by  reason  of  the  relations  of  equation  (6). 
Now,  if  we  can  have  no  semidiurnal  free  tidal  wave  except  in 
the  case  of  the  critical  depth  of  the  sea  just  referred  to,  or  if 
in  this  latter  case  such  tides  are  destroyed  by  friction,  we  evi- 
dently have  a  =  0  when  the  force  vanishes  ;  andA^nth  o  =  0  the 
equation  can  be  satisfied  only  with  K4  =  0.  In  the  case  of 
the  critical  depth,  however,  where  there  is  no  friction,  a 
becomes  arbitrary,  as  the  amplitudes  of  all  free  tidal  waves 
are  ;  and  then  K4  becomes  likewise  arbitrary.  Hence  we  have 
K4  =  0  for  all  cases  except  that  for  the  critical  value  of  the 
depth.  This  is  the  value  which  I  have  maintained  K4  should 
have  in  the  case  of  nature,  in  which  free  oscillations  are  de- 
stroyed by  friction  (Tidal  Researches,  §  159) ;  but  if  in  the 
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case  of  no  friction  there  can  be  no  semidiurnal  tide  except  for 
the  critical  depth  (for  we  are  not  considering  any  other),  then 
we  must  still  have  K4  =  0  in  my  expression  of  a,  and  instead 
of  confining  the  expression  with  this  value  of  K4  to  cases  only 
when  there  is  friction,  it  must  be  extended  to  all  cases  except 
that  in  which  the  sea  has  the  critical  depth  referred  to  and  is 
without  friction,  in  which  case  K4  is  arbitrary.  Sir  William 
Thomson,  therefore,  while  defending  Laplace's  process  of  de- 
termining this  constant,  has  furnished  us  a  condition  for  deter- 
mining it,  which  shows  that  we  must  either  have  K4  =  0  or 
arbitrary,  and  not  equal  to  the  value  given  by  Laplace's 
process. 

For  the  same  reasons  as  in  the  preceding  case,  the  similar 
arbitrary  constant  Aj  in  the  expression  of  a'  which  I  have  ob- 
tained in  the  solution  of  the  equations  for  the  diurnal  tides 
(Tidal  Researches,  eq.  297),  must  be  made  zero  in  all  cases, 
except  that  of  the  critical  depth  where  there  is  no  friction,  in 
which  case  alone  it  becomes  arbitrary.  Hence  my  tidal  ex- 
pression in  this  case,  as  in  the  case  of  semidiurnal  tides,  with 
Ai  =  0,  only  needs  to  be  extended  so  as  to  embrace  all  cases 
without  friction,  except  that  for  the  critical  depth.  With 
Ai  =  0,  the  expression  a'  does  not  make  the  diurnal  tide  vanish 
in  all  parts  of  the  earth  as  Laplace's  result  does,  and  the  ex- 
pressions for  the  motions  of  the  sea  do  not  make  them  infinite 
in  the  case  in  which  the  rotatory  motion  of  the  earth  vanishes. 

It  seems  at  first  view  plausible  that  the  expression  of  a  in 
the  semidiurnal  tide  should  be  general,  including  both  the 
free  and  the  forced  tidal  waves,  so  that  when  we  put  the  terms 
in  the  expression  depending  upon  the  tidal  forces  equal  to 
zero  the  remaining  part  of  the  expression  should  represent 
arbitrary  free  oscillations ;  and  this  would  be  true  if  in  satis- 
fying the  original  differential  equations  there  were  not  an  as- 
sumption made  which  does  not  hold  for  the  free  waves.  In 
satisfying  the  equations,  it  is  assumed  that  they  are  satisfied 
with  an  oscillation  which  has  a  period  which  is  the  same  as 
that  of  the  forces  ;  and  this  is  certainly  true  of  the  forced  tidal 
wave,  but  not  generally  true  for  the  free  tidal  wave ;  for  if  we 
were  to  commence  solving  the  original  tidal  equations  for  the 
case  of  no  disturbing  force  of  moon  or  sun,  it  would  certainly 
be  begging  the  question  mostly  to  assume  that  they  must  give 
semidiurnal  oscillations.  The  expression  of  a,  therefore,  with 
the  arbitrary  K4  cannot  be  extended  so  as  to  embrace  the  free 
oscillations,  except  for  the  case  of  the  critical  depth  where 
there  is  no  friction ;  for  where  an  assumption  is  made  in  the 
solution,  the  results  obtained  from  that  solution  cannot  be  ex- 
tended so  as  to  include  cases  in  which  the  assumption  cannot 
be  shown  to  hold. 
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The  groat  improbability  of  some  of  Laplace's  results  obtained 
■with  his  value  of  Kj  may  be  seen  by  comparing  his  title  with 
that  of  canals  extending  east  and  Avest  around  the  globe.  With 
a  depth  of  sea  of  about  5 "5  miles,  Laplace  gets,  with  the  moon 
and  sun  in  conjunction  on  the  equator,  a  direct  tide  with  a 
range  at  the  equator  of  3G  feet.  If  we  now  suppose  the  whole 
globe  to  be  divided  into  canals  extending  east  and  west  around 
the  earth,  say,  one  or  two  degrees  in  width,  so  that  the  oscil- 
lations in  the  canals  would  bo  entirely  independent  of  one 
another,  wo  know  that  with  a  depth  of  5*5  miles  all  the  canals 
between  tho  latitudes  of  about  G0°  north  and  south  would  have 
inverted  instead  of  direct  tides,  with  a  range  at  tho  equator 
less  than  6  feet  instead  of  36  feet,  and  those  only  between 
those  parallels  and  the  poles  would  have  direct  tides.  Hence 
the  tides  in  the  canals  are  inverted  over  the  whole  globe  ex- 
cept comparatively  small  areas  between  the  parallels  and 
the  poles.  If  we  now  suppose  the  partitions  between  the 
canals  to  be  removed,  the  conditions,  of  course,  would  be 
somewhat  changed,  and  there  would  be  north  and  south 
motions  of  the  water  also  besides  the  principal  east  and  west 
component ;  but  still  it  is  veiy  improbable  that  the  effects  of 
these  small  polar  seas  with  direct  tides  by  means  of  any  inter- 
changing motion  of  tho  w'ater  between  the  different  latitudes, 
would  reverse  the  inverted  tides  over  the  whole  remaining  part 
of  the  globe,  and  cause  them  to  be  direct  tides  with  a  range 
at  the  equator  of  36  feet,  as  given  in  Laplace's  results. 

With  K4  =  0  I  have  obtained  in  this  case  (Tidal  Researches, 
§  160)  a  tide  with  a  range  at  the  equator  of  only  about  4  feet, 
the  tide  being  an  inverted  one,  as  in  tho  case  of  tho  canals, 
over  the  greater  part  of  the  globe,  and  having  somewhat  the 
same  range,  instead  of  a  tide  completely  reversed  and  with  a 
range  at  the  equator  of  36  foot,  as  given  by  Laplace's  value  of 
that  constant. 

Again,  Laplace's  values  of  K4  make  the  tide  at  the  equator, 
as  the  depth  is  increased,  change  from  an  inverted  to  a  direct 
tide  with  a  depth  somewhere  between  1'4  and  5'5  miles,  say 
3*5  miles,  as  may  be  seen  from  Laplace's  results  for  different 
depths  as  given  by  Sir  William  Thomson  (§  15).  But  in 
the  case  of  the  canals  this  change  from  inverted  to  direct  tides 
occurs  at  the  equator  with  a  depth  of  14  miles ;  and  with  a 
depth  of  10"5  miles  they  are  still  inverted  as  far  as  the  parallels 
of  30^. 

With  K4  =  0  my  expression  of  a  gives  for  tho  depth  of  11 
miles  a  very  small  tide  at  tho  equator  with  a  range  of  only  1'2 
foot,  the  tide  being  still  inverted  as  in  the  canals.  Hence 
with  a  small  increase  of  depth,  say,  with  a  depth  of  12  miles, 
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K4=0  would  give  direct  instead  of  inverted  tides  at  the  equa- 
tor. With  this  depth  we  should  have  in  the  case  of  the  canals 
the  tides  inverted  between  the  parallels  of  22°,  and  all  between 
these  parallels  and  the  poles  would  be  direct  ones.  If  we 
now  suppose  the  partitions  between  the  canals  to  be  removed, 
it  is  reasonable  to  suppose  that  the  predominating  direct  tides 
over  the  greater  part  of  the  globe,  by  means  of  the  interchang- 
ing motions  between  the  different  latitudes,  would  reverse  the 
tides  at  the  equator,  and  hence  that  this  reversal  would  occur 
with  about  this  depth  of  the  sea,  as  my  tidal  expression  with 
K4  =  0  gives  it,  and  not  at  a  depth  of  about  3*5  miles,  as  given 
by  Laplace's  values  of  K^. 

Of  course  this  comparison  of  the  results  obtained  with 
Laplace's  value  of  K4  and  with  K4  =  0  with  those  given  by 
the  canals  does  not  amount  to  a  demonstration ;  but  it  makes 
the  results  obtained  with  K4  =  0  so  probable  and  those  obtained 
with  Laplace's  values  so  extremely  improbable,  that  we  should 
hesitate  in  accepting  the  latter  without  a  very  critical  exami- 
nation of  all  the  principles  and  processes  upon  which  they  are 
based. 

We  now  come  to  Sir  William  Thomson's  second  paper,  in 
the  October  Number  of  the  Philosophical  Magazine,  p.  279. 
Li  this,  it  is  seen,  he  adds  a  constant  Bq  to  the  expression  of 
a',  as  assumed  by  Airy  and  adopted  by  myself ;  and  the  expres- 
sion thus  becomes 

This  constant  is  properly  added  and  supplies  a  deficiency  in 
the  expression  as  first  assmned  by  Airy,  it  being  one  of  the 
two  implied  arbitrary  constants  in  the  solution  of  a  differen- 
tial equation  of  the  second  degree,  which,  it  will  be  shown, 
cannot  in  this  case  vanish.  Retaining  this  constant  and  car- 
rying out  the  solution  as  usual  by  determining  the  other  con- 
stants by  means  of  the  equations  (5)  and  (6)  given  by  Sir 
William  Thomson,  we  get 

B2=0, 

B4  =/(Bo  +  H), 

Be  =§^B„ 

Bs  =^^B,  +  tL^XBo  +  H), 

Bio=f^Bo  +  -r^r^B„  +  ^^/^(B,  +  H), 

With  these  values  of  these  constants  the  expression  of  a! 
contains  the  arbitrary  constant  Bq,  which  remains  to  be  yet 
determined.  But  this  constant  cannot  be  determined  by  any 
condition  obtained  from  within  the  differential  equation  itself, 
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as  Sir  "William  Thomson  omloavours  to  do  ;  for  this  oquation 
is  completely  satisrtcd  by  the  preceding  expression  of  a  with 
any  value  of  Bo  whatever ;  but  it  must  be  determined  by  some 
condition  outside  of  it ;  and  this  condition  is  that  the  volume 
of  the  sea  must  be  constant,  or,  in  other  words,  that  the  mean 
depth  of  the  sea  must  remain  the  same.  Tliis  condition  is 
already  satisfied  for  the  equilibrium  part  of  this  tide  repre- 
sented by  H(l  — 3/Li-')  ;  and  it  now  only  remains  to  satisfy  it 
with  regard  to  the  small  part  represented  by  a'.  This  condi- 
tion, therefore,  will  bo  satisfied  with  the  value  of  Bq  which 
satisfies  the  equation 

JaV/<7=0, 

in  which  o-  represents  the  surface  of  the  globe,  and  in  which 
the  integration  must  be  extended  over  the  whole  hemisphere, 
that  is,  from  jjb  =  0  to  fj,  =  l.  , 

Regarding  a  as  a  function  of  fjb,  we  have  da-  equal  to  d/M 
multiplied  into  a  constant ;  and  hence,  instead  of  the  preceding 
equation,  we  have 

The  integration  of  the  first  member  of  this  equation,  with 
the  preceding  expression  of  a^  substituted,  gives  an  expression 
readily  deducible  from  that  of  a'  by  increasing  the  exponents 
and  subscript  members  of  the  constants  by  unity,  and  dividing 
the  expressions  of  the  constant  by  the  exponents  so  increased  ; 
so  that  it  is  not  necessary  here  to  give  the  expression.  The 
value  of  Bq  which  makes  this  expression  equal  to  zero  is  the 
value  which  satisfies  the  preceding  condition,  and  the  value 
which  B^  must  have  in  the  preceding  expression  of  a'. 
With  the  value  of  B^  thus  determined,  the  value  of  fi  in  the 
preceding  expression  of  a'  which  makes  it  zero  is  the  cosine  of 
the  latitude  of  the  node  of  the  tide,  so  far  as  it  is  represented 
by  a'. 

The  other  of  the  two  arbitrary  constants  referred  to  must 
be  zero  to  satisfy  the  condition  that  the  meridional  component 
of  motion  must  vanish  at  the  equator,  as  is  readily  seen  from 

an  inspection  of  equation   (2),    since   by  equation    (9)  -j- 

in  equation  (2)  must  vanish  at  the  equator. 

William  Ferrel. 
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XXIV.   On  the  Magnetism  of  Steel  Bars.      By    Dr.    Carl 
Fromme,  Instructor  in  Physic  sat  the  Unirersity  of  Gdttingen* . 

§  1.  rriHE  present  memoir  was  suggested  by  a  prize-theme 
J-  set  by  the  Philosophic  Faculty  at  Gottingen  in  the 
summer  of  1873,  Avhich  clenianded  "a  closer  investigation  of 
the  temporary  portion  of  the  magnetism  of  a  steel  bar  with 
varioiis  intensities  of  the  permanent  part,  and  under  the  action 
of  various  separating  forces."  This  problem  touches  a  still 
rather  obscure  department  of  physics. 

The  magnetization-relations  of  soft  iron  have,  in  the  last 
three  decades,  been  so  profoundly  investigated  by  numerous 
observers,  that,  it  might  be  thought,  much  more  than  a  finish- 
ing-otf  of  the  building  can  hardly  remain  for  the  next  period. 
But  if  we  consider  how  long  it  took  to  attain  clearness  in 
regard  to  soft  iron,  so  easy  to  manage  in  comparison  with 
steel,  it  cannot  be  surprising  that  the  researches  hitherto  car- 
ried on  concerning  the  latter  are  far  from  having  brought  the 
desirable,  or  even  the  attainable  perspicuity  in  the  comprehen- 
sion of  its  magnetization. 

The  causes  of  the  difficulties  presented  by  steel  to  the  explo- 
ration of  its  magnetic  properties  are,  as  is  well  known,  the  fol- 
lowing. In  the  first  place,  there  is  the  residual  magnetism 
which  appears  after  the  action  of  the  magnetizing  force  !• 
Again,  the  individual  varieties  of  steel  behave  very  dissimi- 
larly ;  and  this  gives  rise  to  a  further  complication.  Besides, 
steel  can  be  used  in  the  soft,  in  the  hardened  state,  and  hard- 
ened in  different  degrees ;  and  accordingly  the  same  sort  can 
be  subjected  to  examination  under  different  conditions. 

An  examination  of  the  magnetic  differences  resultinor  from 
the  specific  nature  of  the  various  kinds  of  steel  could,  in  our 
ignorance  of  the  molecular  constitution  of  steel,  afford  us  little 
enlightenment;  and,  moreover,  on  this  point  there  exist  a 
whole  series  of  works,  to  add  to  which  would  appear,  for  the 
present,  hardly  advisable.  With  respect  to  the  influence  of 
hardening,  I  have,  at  least  so  far,  disregarded  it. 

Finally,  the  complication  resulting  from  the  appearance  of 
residual  magnetism  I  have  endeavoured  to  reduce  to  its  least 
measure,  by  employing  only  such  magnetizing  forces  as  tended 
to  preserve  the  polarity  produced  by  the  permanent  magnetism 
once  present. 

I  have  therefore  at  present  worked  under  the  simplest  condi- 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  Poggendorffs  Aimalen,  Erganzimgsband  vii.  pp.  390-430. 

t  On  this  vide\Yiedemann,  Qalvanismus,  vol.  ii.  §  314.  IV,  (2nd  ed.). 
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tions,  by  subjectinp;  unliurdcned  steel  bars  to  magnetizing 
forces  acting  always  in  the  same  direction. 

§  2.  Having  regard  to  the  reasons  above  touched  upon,  I 
selected  only  two  sorts  of  steel,  differing  in  specific  gravity 
and  possessing  great  homogeneity.  Of  each  sort  five  pieces 
were  cut ;  and  since  the  theory  developed  by  Neumann  and 
Kirchhoff,  of  the  magnetization  of  an  ellipsoid  of  rot^ition,  had 
been  verified  for  soft  iron,  they  were  brought  into  the  form  of 
an  elongated  ellipsoid  of  rotation. 

In  Table  I.  are  collected  : — the  semi-  major  and  minor  axes 
a  and  h  of  the  ellipsoids ;  the  constants  C,  determined  by  the 
equation 

C  =  47r(7(o-2-l)|ilognat.^-n, 


2         7  2' 

a  —0 


the  specific  gravities   s ;    the   volumes  v ;    and   the  absolute 
weights  r/i, — first,  as  the  bars  came  fresh  from  the  workshop  of 

Table  I. 


a. 

b. 

C. 

millim.  1 

millim. 

millim. 

millim. 

I.  1. 

40025 

40015 

12-685 

12-739 

128361 

1-29081 

2 

55  355 

55-305 

12-505 

12-500 

0-82805 

0-82876 

3. 

70165 

70107 

12-840 

12-865 

0-61995 

062239 

4.   ; 

89990 

89-863 

12-645 

12-650 

0-42521 

042565 

5. 

100403 

100-395 

10187 

10188 

0-26063 

0-26069 

n.  1. 

40-595 

40-600 

12-449 

12-441 

1-23199 

1-23081 

2. 

55  423 

55412 

12-599 

12592 

0-83506 

0-83462 

3. 

70-353 

70-295 

12-410 

12-395 

0-58875 

0-58842 

4. 

90245 

90-270 

12-628 

12597 

0-42189 

0-42025 

5. 

99-895 

99-940 

10-248 

10-178 

0-26506 

0-26221 

s 

V 

cub. 

centira. 

cub. 

centim. 

n 

milligr. 

I. 
milligr. 

I.  1. 

7-82366 

7-82059 

26780 

2Q75Q 

209519 

209258 

2. 

7-82737 

782123 

35666 

35634 

279169 

278700 

3. 

7-81957 

7-82195 

48176 

48106 

376712 

376283 

4. 

7-82397 

782274 

62661 

62598 

490258 

489689 

5. 

7-82184 

7-82148 

47438 

47374 

371052 

370532 

n.  1. 

7-83577 

7-8.3384 

25865 

25817 

202674 

202248 

2. 

7-83514 

7  83221 

36961 

36901 

289596 

289019 

3. 

7-83353 

7-83240 

47007 

46786 

36H235 

366419 

4. 

7-83534 

7-83366 

62S42 

625  ti  7 

492385 

490125 

5. 

7-83426 

7  83116 

47363 

47144 

371050 

3!i9195 
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the  mechanician  Apel,  and,  secondly,  after  being  subsequently 
freed  from  their  residual  magnetism  by  incandescence. 

The  axes  were  measured  by  the  comparator,  the  volumes 
determined  by  Aveighing  in  Avater.  A  comparison  of  the  volumes 
so  obtained  with  those  calculated  from  the  lengths  of  the  axes 
showed  a  very  good  agreement  of  the  corresponding  values  as 
a  proof  of  the  accurate  manufacture  of  the  elHpsoid. 

As  the  greatest  difference  of  the  specific  gravities  in  sort  I. 
amounted  to  0"0078  and  0'()022  respectively,  and  in  sort  II. 
to  0'0022  and  0*0027  respectively,  the  homogeneousness  is  so 
great  that  we  may  beforehand  regard  as  possible  the  compara- 
bility of  the  results  obtained  with  the  individual  bars  of  one 
sort. 

§  3.  Weber's  theory  of  magnetization,  having  for  its  basis 
the  notion  of  rotatable  molecular  magnets,  refers,  as  is  well 
knoAvn,  only  to  soft  iron ;  in  order  to  find  its  application  to 
steel  also,  it  needs  a  modification  which  shall  take  into  account 
the  phenomenon  of  residual  magnetism. 

Such  a  modification  Maxwell  *  believes  he  has  discovered  in 
the  assumption  that  the  molecular  magnets,  if  rotated  less  than 
a  definite  angle  /Sq  from  their  position  of  equilibrium  by  a  mag- 
netizing force,  return  to  it  again  after  the  action  of  the  force 
has  ceased,  but  that  if  the  angle  of  rotation  /3  is  greater  than 
/8q,  they  receive  a  permanent  deviation  amounting  to  an  angle 

No  experimental  confirmation  of  this  theory  has,  to  my 
knowledge,  followed;  probably  none  has  been  attempted. 
Eowland,  in  his  paper  "  On  Magnetic  Permeability  "  &c.  (Phil. 
Mag.  1873,  vol.  xlvi.  p.  155),  merely  says  that  his  Tables  seem 
to  prove  that,  with  Aveak  magnetizing  forces,  nearly  or  quite 
all  the  magnetism  of  a  bar  is  temporary. 

Now  we  have  in  the  two  components  of  the  earth's  magne- 
tism very  weak  magnetizing  forces,  which,  if  Maxwell's  theory 
has  any  significance,  must  satisfy  the  requirement  of  producing 
no  residual  magnetism  ;  and  as  for  the  investigation  of  the 
magnetisms  excited  by  the  terrestrial  force  v/e  are  in  possession 
of  a  very  delicate  method,  proposed  and  employed  by  Weber  f, 
and  first  applied  more  extensively  by  Eiecke  %  to  the  investi- 
gation of  the  magnetization-relations  of  soft  iron,  I  have  com- 

*  Treatise  on  Electricity  and  Mag-netiem,  vol.  ii.  p.  79. 

t  In  tlie  sixth  volume  of  the  AhliumU.  d.  Geselhch.  d.  JVisscnsch.  in 
Gottingm,  "  Bestimmuug-  der  rechtwinldig-en  Componenten  der  erdmag- 
netisclien  Kraft  in  Gottingeu  in  dem  Zeitraum  von  1834-1853." 

X  "  Beitrjige  zur  Kenntniss  der  Magnetisimng  des  weichen  Eisens," 
Pogg.  Ann.  vol.  cxlix. 
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mencod  my  exjiorimouts  Lv  submitting  according  to  tliis  me- 
thod the  ellipsoids  to  the  action  of  the  two  components  of  the 
terrestrial  magnetic  force. 

In  reality,  between  the  permanent  magnetisms  ascertained 
before  and  after  a  series  of  observations  no  relation  was  shown 
which  could  permit  any  conclusion  to  be  drawn  of  any  altera- 
tion produeetl  by  the  earth's  magnetic  force. 

I  Avill  only  sketch  the  method  yery  generally  ;  a  detailed 
description,  with  deyelo[)ment  of  the  formuku,  wdll  be  found  in 
the  aboye-mentioned  treatise  by  liiecke. 

A  helix  is  required,  and  connected  with  this  a  galyanometer 
the  astatic  pair  of  needles  of  which  haye  the  longest  possible 
oscillation-jteriod.  The  helix  can  be  rotated  about  an  axis  per- 
pendicular to  its  geometrical  axis,  and  is  placed  with  its  axis 
of  rotation  in  the  i)lane  of  the  magnetic  meridian  and  horizontal 
or  yertical  when  the  vertical  or  horizontal  component  is  made 
use  of.  If  the  helix  (the  surface  of  the  coils  of  which  should 
at  first  be  perpendicular  to  the  inducing  component)  is  turned 
quickly  through  180°,  a  current  is  induced  in  it,  which  ex- 
presses itself  in  the  deflection  of  the  needle  of  the  galvanometer. 
If  by  the  multiplication  method  the  deflection  be  strengthened, 
the  sine  of  half  the  resultino;  deflection-angle  will  be  a  measure 
for  the  intensity  of  the  inducing  current. 

If  now  we  fix  an  ellipsoid,  with  its  principal  axis  coinciding 
with  the  axis  of  the  helix,  in  the  centre  of  the  latter,  and  again 
rotate  it  180°,  to  the  current  induced  by  the  direct  action  of 
the  terrestrial  force  a  second  will  now  be  added,  arising  from 
the  circumstance  that  the  magnetism  of  position  induced  by  the 
terrestrial-magnetic  component  has  reversed  its  relative  posi- 
tion to  the  ends  of  the  hehx. 

Since  this  does  not  hold  good  of  the  permanent  magnetism, 
if  any,  present,  the  latter  remains  perfectly  inactive.  In  order 
to  obtain  only  the  current  induced  by  the  reversal  of  the  tem- 
porary magnetic  moment,  it  is  therefore  necessary  to  operate 
once  with  the  helix  alone  and  then  with  the  helix  and  inserted 
ellipsoid. 

Let  J  and  i  denote  respectively  the  currents  which  are  ex- 
cited mediately  by  the  reversal  of  the  magnetic  moment,  and 
by  direct  induction,  and  a  and  /3  the  angles  of  deflection  of  the 
needle  of  the  galvanometer ;  then  we  have  the  relation 

J  :  z  =  sm  g  —  sni  -T-  :  sin  — • 
Now 

t  =  2-F.X, 
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where  e  is  the  constant  of  induction,  lo  the  resistance  of  the 
circuit,  F  the  surface  enclosed  by  the  coils  of  the  helix,  X  the 
inducing  component ;  and 

J  =  87r-S.M, 

S  being  a  constant  determined  by  the  dimensions  of  the  helix 
and  ellipsoid,  and  M  the  magnetic  moment  of  the  ellipsoid  in 
the  direction  of  its  principal  axis. 

By  inserting  these  values  of  J  and  i  in  the  first  equation, 
we  get 

M=G.X, 

1       .    a       .    /8 
^>sm^-sm-    J, 

^= ^ S* 


sm-2 


Neumann's  fonnula, 


l+^•c' 


in  which  v  is  the  volume  of  the  ellipsoid,  and  C  the  previously 
mentioned  constant  dependent  on  the  eccentricity,  serves  for 
the  calculation  of  the  magnetization-function  k ; 

i^  +  GC 
In  conclusion,  the  argument  is 

1  +  ^C 

§  4.  The  inductor  consisted  of  a  brass  tube  547  millims. 
long,  and  43'5  in  diameter,  on  which  four  layers  of  insulated 
copper  wire  were  wound ;  the  surface  enclosed  by  the  wind- 
ings was 

F  =  1735000  squ.  millims. 

The  values  of  the  quantity  S  for  the  five  ellipsoids  lie  between 
1*4537  and  1"4533.  The  amount  of  the  components  of  the 
earth's  magnetic  force  is  taken  from  Kohlrausch's  variation- 
formula*,  according  to  which  they  are  found  to  be,  for  the 
middle  of  February  1874, 

V=4-314, 

H=:  1-866. 

*  Nachrichten  von  der  GescUsch.  d,  Wisscnsch.  zu  Gott.  1868,  p  159. 
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With  these  data  (r,  ami  from  it  k  and  K,  can  bo  calculated 
as  soon  as  the  angles  a  and  j3  are  ascertained  by  observation. 

On  every  occasion  three  series  of  observations  were  made 
for  this  purpose,  as  before  and  after  each  ol)servation  with  the 
ellipsoid  inserted  the  angle  /3,  corresponding  to  the  direct  in- 
duction-current, Avas  found  by  turning  the  helix  alone.  Each 
of  the  three  series  consisted  of  two  sets  of  twelve  return-points 
of  the  galvanometer-needle,  half  belonging  to  one,  and  half  to 
the  other  extremity  of  the  multiplication-arc.  The  return- 
points  were  taken  successively  in  threes ;  and  from  the  eight 
resulting  triples  the  multiplication-deflection  was  calculated  on 
the  scale. 

As  an  example,  I  give  in  extenso  the  notes  of  one  observa- 
tion : — 

Monday,  March  2,  1874,  evening.  Temperature  7°  C. 
Ellipsoid  I.  5.     Inducing  force  the  horizontal  component. 


Helii 


a. 

h. 

Cl, 

b. 

784-3 

740-3 

785-3 

741-0 

784-6 

740-6 

785-0 

740-8 

784-9 

740-8 

785-3 

741-0 

784-9 

740-7 

785-1 

741-0 

785-0 

740-8 

785-0 

741-0 

785-0 

741-0 

785-0 

741-1 

a-b 

a-b. 

44-15                1 

44-15 

44-2 

44-4 

44-25                1 

44-05 

44-1 

44-0 

44-175 

44-15 

a—b 

5=99-0813 

Helix  plu 

s  Ellipsoid. 

V. 

a'. 

b'. 

«'. 

711-(3 

814-9 

711-0 

814-6 

711-2 

814-8 

710-8 

814-5 

711-0 

814-7 

710-5 

814-2 

710-9 

814-7 

710-2 

813-8 

710-7 

814-8 

710-1 

813-8 

711-0 

814-8 

710-1 

813-8 
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a'-b'. 

a'  —  b'. 

103-5 

103-7 

103-75 

103-85 

103-9 

103-65 

103-8 

103-7 

103-7375 

103-725 

7t'=- 

-h 

2 

-  =51-8656. 

Helix. 

b.                   a. 

b.                  a. 

739-0         783-2 

739-9        783-0 

739-3        783-0 

739-7         782-7 

739-1        783-3 

738-5        782-5 

738-9        783-0 

738-7         782-6 

739-1        783-0 

738-4         782-4 

738-9        782-8 

738-4        782-4 

a—b. 

a  —  b. 

44-05 

44-2 

44-05 

44-1 

44-0 

44-05 

44-0 

44-0 

22-025 

44-0875 

__  a 

-h 

=  22-0281. 

In  the  mean,  ?i= 22-0547. 

Since  the  distance  from  mirror  to  scale  was 

7'  =  3317-006  scale-divisions, 

the  angle  could  be  calculated  by  the  formula 


Hence 


.    :e       1  /        11  n^\ 
^^^2=fe(^-32;^> 

sin  I  =0-00390877, 


sin|=0-00166222, 

sin  ^~  sin  I  =  0-00224655. 

G= 130218, 
/;  =9-6467, 
K=0-53107. 


« 
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The  close  accordance  between  the  values  of  a— 6  is  not  pecu- 
liar to  this  example ;  it  appeared  strikingly  in  almost  all  the 
observations.  At  the  same  time,  however,  we  see  how  enor- 
mouslv  small  are  the  angles  a  and  ^,  even  with  so  delicate  a 
galvanometer  as  was  that  made  use  of ;  at  the  commencement 
it  had  an  oscillation-period  of  nearly  37  seconds  (later  some- 
what less). 

The  difficulty  of  the  observation  is  increased  when  ellipsoids 
of  less  eccentricity  (as  Nos.  1  and  2)  are  employed.  Under 
the  action  of  the  horizontal  component  the  ditierencc  of  n  and 
n'  amounted  with  No.  1  to  not  quite  live,  and  with  No.  2  to 
nine  scale-divisions. 

During  the  four  weeks  which  the  observations  occupied,  the 
temperature  of  the  apartment  only  varied  between  2 '5  and  8 
degrees  Centigrade,  a  variation  which,  it  is  self-evident,  did 
not  affect  the  observations. 

After  two  pairs  of  values  of  k  and  K  were  for  the  first  time 
found  for  each  of  the  ellipsoids  by  means  of  the  vertical  compo- 
nents, M-hen  the  horizontal  components  had  just  begun  to  act 
upon  ellipsoids  I.  4  and  I.  5  the  inductor  had  to  undergo  repair. 
When  the  injury  (produced  by  the  insulation  being  damaged) 
was  repaired,  the  observations  were  continued,  each  of  the 
ellipsoids  being  now  subjected  t-^dce  to  the  horizontal  and  then 
once  more  to  the  vertical  component. 

The  values  of  Gr,  h,  and  K  are  put  together  in  Table  II. ; 
but  the  values  obtained  before  the  repau-  are  distinguished 
from  the  rest  by  prefixing  an  asterisk  (*). 

§  5.  We  's^ill  at  present  consider  only  the  values  of  k 
and  K  obtained  after  the  inductor  was  repaired.  The  foUow- 
ino-  are  the  means  : — 


Vertical  Component.  Horizontal  Component. 


I. 


II. 


A-. 

K. 

k. 

K. 

1. 

15-9974 

0-2003 

23-5034 

0-0610 

2. 

11-8461 

0-3991 

18-0285 

0-1062 

3. 

10-4328 

0-5777 

12-6030 

0-2121 

4. 

9-8564 

0-8311 

11-4105 

0-3189 

5. 

8-6826 

1-3222 

9-6467 

0-5311 

1. 

6-1380 

0-5039 

11-8347 

0-1199 

2. 

6-3318 

0-6890 

7-7361 

0-2511 

3. 

5-9333 

0-9601 

6-4746 

0-3879 

4. 

6-4917 

1-1539 

6-9191 

0-4762 

5. 

5-8772 

1-6867 

5-9691 

0-7228 

P2 
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Table  II. 


Vertical  Component. 


Ellip- 
soid. 


I.  1. 


II.  1. 


Date  of 
observa- 
tion. 


5. 


*Feb.  11. 
March  11. 

'Fob.  11. 
March  2. 
March  6. 

*Feb.  12. 
March  2. 
March  6. 

*Feb.  12. 
March  5. 

*Feb.  12. 
March  5. 

*Feb.  17. 
March  11. 
March  12. 

*Feb.  17. 
March  11. 
March  12. 

*Feb.  17. 
March  11. 

*Feb.  13. 
*Fcb.  IS. 
March  11. 

*Feb.  13. 
*Peb.  18. 
March  11. 


205(iO'52i<67(; 
19894  15-9974 

40080  16  17()7 
39108  11 -91. '52 
390()6  11-7770 


69133 
67269 
67336 

121205 
118976 

128615 
126230 

19478 
18487 
18543 

38388 
37G48 
36738 

63603 
63073 

110936 
109107 
109113 

109893 
110178 
108827 


006265 
0-20034 

0-29970 
0-39702 
0-40124 

0-47583 
0-57958 
0-57583 

0-76583 
0-83108 

1-26561 
1-32220 

0-31173 

0-50396 
0-50379 

0-57256 
0-64467 
0-73335 

0-87750 
0-96014 

1-07686 
1-15408 
1-15390 

6-0267  1-62438 
6-0;;74  1-65407 
5-8772  1-68666 


13-0048 
10-3936 
10-4720 

10-8965 
9-8564 

9-2420 

S-6S2(i 

10-4216 
6-1368 
6-1393 

7-8257 
6-8163 
5-8473 

6-6521 
5-9333 

6-9167 
6-4903 
6-4917 


Horizontal  Component. 


Elhp- 
soid. 


I.  1. 


II.  1. 


Date  of 
observa- 
tion. 


Feb.  25. 
Marcb  2. 

Feb.  26. 
March  2. 

Feb.  26. 
March  2. 

*Feb.  19. 
March  2. 

*Feb.  19. 
March  2. 

Feb.  26. 
March  1. 

Feb.  2(3. 
March  1. 

Feb.  27. 
March  1. 

Feb.  27. 
March  1. 

Feb.  27. 
March  1. 


20272267246 
2009120-2821 

4020216-9155 
40516  19-1414 


68522 
69232 

117364 
122182 

124688 
130219 

19691 
19601 

38665 
37950 

63397 
63100 

110845 
111046 


12  0320 
131742 

9-2002 
11-4105 

8-3458 
9-6167 

12-2567 
11-4126 

8-2729 
7-1993 

6-5477 
6-4014 

6-8945 
6-9437 


109223   5-9322 
109747i  6-0060 


005286 
0-06904 

0  12437 

0-08798 

0-22062 
0-20358 

0-37995 
0-31893 

0-58778 
0-53107 

0-11585 
0-12392 

0-23599 
0-26617 

0-38442 
0-39136 

0-47748 
0-47500 

072553 
0-72006 


It  results  from  the  two  values  corresponding  to  each  ellip- 
soid, that  l\.  diminishes  xvlth  increase  of  the  magnetizing  force, 
or  that  the  latter  increases  faster  than  the  magnetic  moment. 

The  same  follows  if  the  ellipsoids  of  one  sort  are  regarded 
as  comparable,  from  the  two  series  of  values  of  sort  I.  obtained 
by  the  vertical  and  horizontal  components,  not  so  well  (on 
account  of  II.  4)  from  the  second  series  of  values  of  sort  II., 
but  not  from  the  first  series  of  the  latter. 

The  course  of  the  magnetization-function  h  under  the  action 
of  feeble  forces  which  leave  no  residual  magnetism  behind,  can 
therefore  be  represented  as  follows  : — 

Starting  from  a  large  initial  value,  k  diminishes  as  the  mag- 
netizing force  increases,  at  first  quickly,  then  more  slowly,  and 
very  soon  reaches  a  minimum,  the  coming-in  of  ivhich  is  depen- 
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dent  on  the  specijic  nature  of  the  steel:  the  harder  the  steel,  the 
smaller  the  value  of  the  force  at  ichich  the  miniinuni  enters. 

Thus,  with  the  harder  sort  under  the  action  of  the  vertical 
component  the  niinimuni  appears  to  he  reached,  or  even  to  be 
ah-eady  passed. 

Hence  differentli/  elongated  ellipsoids  of  the  same  sort  of  steel, 
under  a  constant  external  magnetizing  force,  receive  different 
values,  which  arrange  themselves  in  a  series  descending  as  the 
cccentricitg  increases — that  is,  as  the  force  acting  on  each  par- 
ticle increases. 

With  an  increasing  force,  however,  these  deviating  vcdues  con- 
verge to  a  common  minimal  houndarg  value. 

If  all  the  values  of  k  obtained  Avith  sort  I.  be  arranged  in  a 
series  increasing  in  the  arguments  K,  to  the  series  with  in- 
creasing K  a  series  with  regularly  diminishing  k  corresponds, 
provided  only  that  we  take  the  two  means  indicated : — 


23-5034 

K. 

0-0610 

18-0285 

0-1062 

15-9974 

0-2003 

12-6030 

0-2121 

11-4105  \. 
11-8461/ 

11-6283 

0-3189  K,. 
0-3991/^^^^'^' 

9-6467  \. 
10-4328  / 

10-0398 

0-5311  \,yr,r.AA 
Q.5777  J  U  0044 

9-8564 

0-8311 

8-6826 

1-3222 

It  hence  follows  that  throughout  its  vai'ious  pieces  sort  I. 
possesses  the  same  magnetization-function  (for  the  extent  of 
the  forces  employed  and  for  the  permanent  magnetism,  equal 
to  zero),  since  with  various  ellipsoids  the  same  ^' appertains 
to  an  equal  argument  K. 

Accordinghj  Neumcmn  and  Kirchhoff\  developments  liave 
validity  in  the  present  case,  as  for  soft  iron,  so  (d so  for  steel. 

For  sort  II.  a  series  so  regular  cantiot  be  constructed,  pro- 
bably for  two  reasons : — first,  because  this  sort  was  less  homo- 
geneous ;  secondly,  and  chiefly,  because  the  values  of  k  are 
near  the  minimum,  where  the  dilferences  of  the  values  and  the 
variability  of  each  value  vri\\\  increasing  force  are  too  small. 

Lastly,  as  regards  the  values  obtained  before  the  repair,  the 
first  glance  shows  that  they  differ  in  two  points  from  those  we 
have  just  considered  : — (1)  The  values  of  k  obtained  with  the 
vertical  component  are  greater  than  the  foregoing,  while  the 
two  corresponding  to  the  horizontal  component  are  smallei*. 
(2)  The  divergences  between  the  values  for  the  ellipsoids  of 
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one  sort  are  greater :  tlius  the  difterenco  from  I.  1  to  I.  5  is 
43*6  against  7*3  ;  that  from  II.  1  to  II.  5  is  4*35  ;  while  after 
this  such  a  regular  divergence  can  no  longer  bo  shown,  the 
values  of  /•  follow  pell-mell,  and  will  not,  even  in  the  loosest 
fashion,  arrano-e  themselves  in  a  series. 

If,  however,  on  this  we  shall  build  no  conclusions,  since 
much  can  be  urged  against  the  comparability  of  the  series  of 
values  on  both  sides,  still  thus  much  can  be  said — that,  accord- 
ing to  what  has  been  above  maintained,  an  augmentation  of 
the  vertical  and  a  diminution  of  the  horizontal  component 
would  have  produced  the  deviations  observed  in  the  second 
series  of  values. 

By  putting  the  series  of  values  obtained  with  I.  into  a  sys- 
tem of  coordinates,  taking  K  as  abscissa,  k  as  ordinate,  we  get 
a  very  regular  curve,  Avhether  we  make  use  of  the  individual 
■values  or  the  means.  The  two  curves  corresponding  to  the 
vertical  and  the  horizontal  component  respectively  run  very 
fairly  parallel.  The  curves  of  II.  proceed  exactly  like  those 
of  I.,  if  we  merely  exclude  the  first  two  of  II.  4. 

§  6.  After  finishing  the  observations  Avith  the  earth-induc- 
tor, the  attempt  was  made  to  test  Maxwell's  theory  by  gradu- 
ally raising  the  magnetizing  force  (a  constant  galvanic  cur- 
rent), commencing  from  a  very  small  initial  value,  and  thus 
endeavouring  to  ascertain  the  value  at  which,  accordino-  to 
Maxwell,  residual  magnetism  first  makes  its  appearance. 

The  ellipsoids  were  fixed  in  the  axis  of  a  helix  which,  in 
respect  of  its  length  and  diameter,  satisfied  the  conditions  of  a 
constant  magnetizing  force  on  all  points  of  the  steel  body. 
The  helix  was  set  up  perpendicular  to  the  magnetic  meridian, 
to  the  north  of  a  magnetometer  suspended  by  a  cocoon-thread, 
the  magnetometer  consisting  of  a  magnetized  steel  ring  with 
a  mirror.  The  deflecting  action  of  the  magnetizing  helix  on 
the  magnetometer  was  eliminated  by  a  compensation-helix 
placed  southward  of  it.  The  current-circuit  consisted,  further, 
of  a  tangent-compass  with  two  windings  and  a  mirror  for 
jeading-ofi"  (described  b-y  Kohlrausch,  Pogg.  Ann.  vol.  cxxxviii. 
in  communicating  a  measurement  with  the  bifilar  galvano- 
meter), and  a  mercury  commutator  for  changing  the  current 
.at  the  same  time  in  the  helices  and  the  compass. 

I  moreover  remark  that  by  a  suitable  construction  of  the 
.apparatus  any  influence  of  the  current  in  the  helices,  and  of 
the  magnetized  steel  body,  upon  the  needle  of  the  tangent- 
compass  was  almost  entirely  avoided.  When  such  took  place 
.with  the  emplo}Tiient  of  more  powerful  currents,  it  never 
exceeded  at  the  utmost  a  deflection  of  the  needle  one  scale- 
division,  and  then  was  always  ascertained  by  special  trials.     In 
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tho  experiments  now  to  be  described  a  correction  was  never 
necessary. 

The  distance  from  the  compass  to  the  scale  amounted  to 
1350'58,  that  of  the  magnetometer  from  the  scale  1303*96  of 
the  scale-divisions. 

Tho  magnetizing  helix,  in  all  these  experiments,  which  had 
the  special  purpose  above  stated,  stood  at  the  same  distance  of 
200*11  millims.  from  the  magnetometer.  The  constant  dis- 
tance was  necessary  on  account  of  the  minute  quantities  to 
be  measured,  and  the  small  distance  because  the  deflection  of 
the  magnetometer  was  otherwise  too  insignificant. 

Hero,  however,  when  I  was  not  satisfied  with  comparative 
measurements  of  the  residual  moments  expressed  in  scale-divi- 
sions, but  wished  also  to  make  observations  of  the  temporary 
moments,  and  to  apply  them  to  quantitative  measurements  for 
the  calculation  of  the  magnetization-function,  the  difficulty 
arose  that  the  distances  of  the  poles  of  the  ellipsoids  entered 
into  the  reckoning  with,  in  part,  a  very  great  relative  value 
to  the  distance  200*11  millims. 

Now  E,iecke  *,  from  the  theoretical  point  of  view,  has  deve- 
loped an  expression  for  the  polar  distance  of  uniformly  mag- 
netized bodies ;  and  he  found  it  particularly  simple  in  the  case 
of  the  magnet  ha^dng  the  form  of  a  solid  of  rotation. 

If  we  assume  that  the  fifth  power  of  the  half-length  of  the 
magnet  may  be  neglected  against  the  fifth  power  of  the  dis- 
tance of  the  point  affected,  then  the  polar  distance  of  an  elon- 
gated ellipsoid  of  rotation  whose  rotation-axis  a  coincides  with 
its  magnetic  axis,  if  b  denotes  the  minor  axis,  is 

A  trial  of  this  formula  by  studjang  the  deflections  of  the 
galvanometer-needle  with  different  distances  of  the  ellipsoid 
(which  possessed  a  certain  amount  of  permanent  magnetism), 
showed  a  fair  accordance  of  the  magnetic  moments  calculated 
from  it  with  the  aid  of  the  polar-distance  formula.  Hence 
Riecke's  formula  was  afterwards  always  made  use  of  without 
hesitation. 

The  ellipsoid  was  always  inserted  in  the  helix  or  taken  out 
of  it  with  a  closed  current,  in  order  to  exclude  as  much  as 
possible  the  production  of  induction-currents. 

Tal)le  III.  (pp.  200,  201)  gives  the  temporary  moments  TM, 
the  current-intensity  ?',  the  external  magnetizing  force  X,  and 
(as  far  as  it  was  possible  to  calculate  them)  the  magnetization- 
function  k  and  its  argument  K ;  also,  expressed  in  scale-di-\i- 

*  Nachr.  von  d,  Gesellsch.  d.  Wissensch.  zu  Gottingm,  1872,  No.  12 ;  Pogg. 
Ann.  vol,  cxlix. 
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sions,  the  original  maonetisni  UM,  and  the  residual  mas;uetism 
RM. 

Table  III. 


TM. 

i. 

X. 

I: 

K. 

UM. 

EM. 

1. 1. 

249660 

0-7668 

13-284 

7-074 

1-318 

1-0 

1-0 

294350 

0-9019 

15-625 

7-249 

1-516 

1-0 

1-05 

388120 

1175 

20-35 

8-293 

1-748 

1-0 

105 

441880 

1-332 

23-08 

8-645 

1-908 

1-0 

125 

600743 

1-810 

31-35 

8-770 

2.157 

105 

13 

6G8050 

2-015 

34-90 

8-653 

2-882 

115 

125 

1.2. 

58720 

0-0995 

1-7236 

0-75 

0-75 

88998 

0-1373 

2-3806 

0-5 

0-5 

530875 

0-7931 

13-74 

10-53 

i"-'4i4 

0-5 

0-7 

766030 

1129 

19-56 

1213 

1-770 

0-5 

0-8 

956700 

1-420 

24-60 

11-24 

2-386 

0-7 

1-0 

1035500 

1-536 

26-61 

11-307 

2-568 

1-0 

1-2 

1.3. 

109420 

0-1004 

1-739 

6-863 

0-3309 

2-1 

2-0 

153300 

0-1392 

2-411 

7-255 

0-4385 

1-95 

2-1 

247440 

02195 

3-803 

8-303 

0-6186 

1-95 

1-9 

904100 

0-789 

13-67 

9-219 

2-036 

185 

2-5 

972900 

0-8448 

14-636 

9-544 

2-116 

2-1 

2-45 

1230200 

1075 

18-62 

9-154 

2-79 

2-1 

2-5 

1523250 

1-322 

22-897 

9595 

3-296 

2-5 

3-1 

1.4. 

182767 

00999 

1-7313 

5-939 

0-4911 

0-9 

0-9 

257900 

0-1S52 

2342 

6-956 

0-5917 

0-9 

0-95 

432200 

0-2231 

3-8fi5 

7-402 

09320 

0-75 

0-9 

628500 

0-3141 

5-441 

8-527 

1-180 

0-75 

10 

730750 

0-3614 

6-261 

8-959 

1-306 

0-9 

0-85 

1154840 

0-5719 

9-909 

8-889 

2073 

0-9 

11 

1293200 

0-6406 

11-008 

8-888 

2-322 

0-9 

1-2 

1392000 

0-6932 

1201 

8-666 

2-563 

1-05 

1-3 

1594740 

0-781 

13-223 

9-392 

2-710 

1-15 

1-4 

1848000 

0-905 

15-68 

9-395 

3-139 

1-4 

1-75 

1.5. 

210886 

0-0964 

1-670 

8-695 

0-5113 

1105 

10-85 

288800 

01370 

2-373 

7-745 

0-786 

11-0 

1085 

320250 

0-1521 

2-636 

7-706 

0-8762 

10-85 

110 

472256 

0-2285 

3-872 

7-791 

1-277 

1115 

11-2 

668500 

0-3087 

5-349 

8-408 

1-676 

11-1 

11-3 

789200 

0-3645 

6315 

8-408 

1-979 

11-05 

1115 

947901 

0-4457 

7-722 

7-949 

2  514 

11-35 

11-23 

1226500 

0-5697 

9-87 

8-253 

3131 

1115 

11-65 

1386560 

0-6423 

11-13 

8-328 

3-509 

11-3 

11-7 

11.1. 

133800 

0-4412 

7-644 

4-089 

1-266 

0-5 

0-5 

179100 

05724 

9-916 

4-998 

1-386 

0-4 

05 

218825 

0-6942 

12-03 

5-277 

1-603 

0-25 

0-45 

252470 

0-7957 

13-79 

5-542 

1-761 

0-2 

0-5 

280600 

0-8979 

15-555 

4-953 

219 

0-45 

0-55 

331860 

104 

18  03 

5-78 

2-22 

0-45 

05 

371200 

1-17 

20-27 

5557 

2-583 

0-55 

0-65 

422930 

1-331 

23()6 

5-608 

2-915 

0-65 

0-7 

490050 

1-535 

26-59 

5-83 

3-25 

0-5 

0-75 
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TM. 

i. 

X. 

k. 

K. 

UM. 

RAr. 

II.  2. 

C3010 

01013 

1-755 

4-9 

4-95 

88245 

01423 

2-466 

4-8 

4-85 

26!»4O0 

0-4452 

7-714 

4-48 

l-'62'7 

4-8 

5-05 

363200 

05728 

9-924 

5-72 

1-718 

4  95 

5  1 

398300 

0-62 

10-742 

6-181 

1-743 

5-0 

5-25 

453.140 

0-7124 

12342 

5-857 

2-095 

5  35 

5-55 

5S1800 

0-8988 

15-57 

6-488 

2-426 

5-25 

5-45 

708100 

1-094 

18-95 

6-494 

2-95 

5  35 

6-2 

II.  3. 

96770 

0-0999 

1-731 

2  35 

235 

142920 

01401 

2-427 

4"77"3 

6"637 

215 

2  25 

229010 

0-2204 

3-818 

5128 

0-934 

2-1 

2-2 

460300 

0-4452 

7-714 

5  025 

1-949 

2-35 

2-35 

601100 

0-5719 

9-909 

5-372 

2-38 

2-25 

3-0 

661600 

0-6241 

10-81 

5571 

2-52G 

2-25 

2-75 

11.4. 

166360 

00999 

1-731 

4-308 

0-6144 

215 

2  25 

219200 

01379 

2-388 

3-805 

09166 

215 

22 

420900 

02226 

3-857 

6-497 

1-031 

245 

2.35 

673500 

03618 

6-268 

6-136 

1-746 

265 

2-65 

819500 

0-4435 

7-683 

5-978 

2-181 

2-7 

3-0 

1056300 

0-5715 

9-901 

5-982 

3-537 

2-65 

3-4 

II.  5. 

178900 

0  1 

1-724 

5-229 

0-723 

0-95 

0-8 

247120 

0-1383 

2-396 

515 

1-013 

0-85 

0-8 

273930 

0153 

2-651 

5-173 

1118 

0-8 

0-75 

398010 

0-2226 

3-857 

5-158 

1-63 

1-3 

1-0 

564000 

0-3078 

5-333 

5471 

2-]  77 

0-85 

1-05 

647100 

0-3542 

6-1.36 

5-431 

2515 

125 

16 

7665C0 

0-4194 

7-265 

5-439 

2-976 

1-2 

225 

825300 

04448 

7-706 

5-642 

3161 

1-8 

225 

975900 

0-5345 

9-26 

5-425 

379 

2-0 

31 

§  7.  Before  we  draw  the  conclusions  to  be  deduced  from 
this  Table,  we  will  again  lay  before  us  the  alternatives  Avhich 
are  here  to  be  decided.  There  are  two  cases  possible ;  either 
the  residual  magnetism  converges  simultaneously  with  the 
magnetizing  force  towards  zero,  or  else  the  residual  magnetism 
reaches  zero  already  for  a  finite  value  of  the  force. 

Now  the  Table  shows  that,  at  least  with  the  more-elongated 
ellipsoids,  a  value  of  the  magnetizing  force  can  be  approxi- 
mately fixed,  at  which  the  increment  of  the  magnetism  already 
present  (UM)  first  exceeds  the  errors  of  observation.  Resi- 
dual magnetism  is  first  demonstrable  for  the  following  values 
of  the  argument  K  and  current-intensity  i : — 

K.  i.  K.  i. 


1. 

II. 

1. 

2. 

2-3 

1-3 

2. 

2-0 

0-7 

3. 

2-0 

0-8 

3. 

2-2 

0-5 

4. 

2-3 

0-6 

4. 

2-1 

0-4 

5. 

2-8 

0-5 

5. 

2-2 

0-3 

Mean 


2-35 


2-13 
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The  harder  the  steel,  the  feebler  is  the  magnetizing  force  at 
rvhich  residual  magnetism  enters. 

This  result  -was  to  be  expected  beforehand,  according  to  the 
representation  which  the  theory  of  rotatabio  molecular  mag- 
nets gives  of  the  process  of  magnetization. 

The  molecular  forces  oppose  the  placing  of  the  molecules 
in  positions  of  magnetic  equilibrium  when  the  molecules 
are  acted  on  by  magnetizing  forces ;  but,  inasmuch  as  they 
have  themselves  undergone  a  change  by  the  rotation  of  the 
molecules,  they  also  resist  the  rotation  of  the  latter  back  to 
their  unmagnetic  positions,  and  keep  them  fixed  in  certain 
magnetic  ones  after  the  force  has  ceased  to  operate.  Now,  as 
the  molecular  forces  are  more  intense  in  the  harder  sort  of 
steel  than  in  the  softer,  the  temporary  magnetization  turns  out 
less  in  the  former ;  and,  on  the  contrary,  the  residual  mag- 
netism is  greater,  because  the  molecular  forces  are  more  altered 
on  the  rotation  of  the  molecules. 

That  with  the  more-elongated  ellipsoids  residual  magnetism 
commences  earlier  than  with  the  less-elongated  ones  receives 
its  explanation  from  this — that  in  the  former,  with  an  equal 
external  magnetizing  force,  the  sum  of  the  forces  acting  on 
each  molecular  magnet  is  greater.  The  greater  the  longitu- 
dinal dimension  of  a  body  in  comparison  with  its  transverse 
dimension,  the  more  of  that  part  of  the  reciprocal  action  of 
the  molecular  magnets  which  is  opposed  to  the  external  mag- 
netizing force  vanishes,  while  at  the  same  time  that  which 
supports  it  and  acts  in  the  same  direction  is  increased. 

On  the  other  hand,  between  the  values  of  the  argument  K 
no  definite  relation  appears  to  subsist.  We  may  infer  that 
residual  magnetism  enters  at  the  same  value  of  the  argument 
K  of  the  magnetization-function  in  differently  elongated  ellip- 
soids, at  least  of  the  same  sort  of  steel.  Only  I.  5  shows  a 
considerably  greater  value  of  the  argument ;  on  this  see  §  9. 

Since,  however,  in  such  investigations  a  limit  is  always 
reached  at  which  a  normal  variability  of  the  quantities  to  be 
measured  becomes  quite  concealed  by  the  unavoidable  errors 
of  observation,  the  proposition,  that  the  limit  of  the  residual 
magnetism .  corresiponds  to  a  finite  value  of  the  magnetizing 
force,  must  be -qualified  by  adding  that,  with  further  refine- 
ment of  our  means  of  observation,  this  limit  will  be  removed 
more  and  more  towards  zero,  and  perhaps  at  length  vanish 
entirely.  With  this  qualification,  the  results  obtained  may 
serve  as  an  experimental  confirmation  of  Maxwell's  theory  of 
residual  magnetism.  Meanwhile  I  will  just  mention  here  that 
the  theory  obtains  another  important  argument  in  its  favour 
through  the  results  of  experiments  to  be  hereafter  communi- 
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cated,  so  that  the  correctness  of  its  In-potlieses  has  becomo 
almost  a  certaintv.  But  on  the  ground  of  these  experiments 
I  also  remark  beforehand  that  then  only  can  we  properly  speak 
of  a  limit  of  the  residual  magnetism,  -when  we  presuppose  the 
steel  freshly  annealed  and  pevfecthj  nnmagnetic.  A  body  even 
only  a  little  pcnnanently  magnetic  shows  another  limit  of  the 
residual  magnetism,  varying  according  to  the  amount  of  it. 
A  perfectly  unmagnetie  piece  of  steel,  however,  belongs  to  the 
order  of  ideal  notions ;  and  therefore  it  will  be  impossible  to 
demonstrate  Maxwell's  assumption  by  actual  experiment  (see 

I  refrain  from  discussing  the  values  of  h,  because  I  hold 
them  for  the  most  part  to  possess  too  little  accuracy  to  deduce 
conclusions  from  them,  or  even  to  compare  them  with  those 
ascertained  by  means  of  the  earth-inductor. 

Thinking  that  the  magnetic  state  of  the  ellipsoids  could  only 
have  been  very  little  altered  by  the  forces  hitherto  applied,  I 
now  subjected  the  pieces  of  sort  I.  once  more  to  induction  by 
the  vertical  component  of  the  earth's  magnetism.  As  a  proof 
of  the  correctness  of  this  assumption,  the  follo^^'ing  values  of  k 
were  obtained,  which  do  not  sensibly  differ  from  those  given 
in  Table  II.  :— 

I.  1.  15-592 

2.  11-596 

3.  10-702 

4.  10-004 

5.  8-965 

§  8.  The  ellipsoids  were  now  subjected  successively  to  in- 
creasing forces  magnetizing  always  in  the  same  direction, 
which  continually  raised  the  residual  moment  to  greater  values. 

Wiedemann*  has  already  remarked  that,  when  a  steel  bar 
is  for  the  first  time  magnetized  by  galvanic  currents,  the  tem- 
porary moments  generated  in  it  during  the  action  of  the  cur- 
rents increase  at  first  more  quickly  than  the  intensity  of  the 
currents,  and  only  later  commence  to  approach  a  maximum. 
This  behaviour  should  also  take  place  after  repeated  magne- 
tizations and  demagnetizations  of  the  bars  on  again  magnetizing 
them. 

!N^ow  the  experiments  show  that  no  change  in  this  behaviour 
occurs  even  when  the  bar  is  not  cleared  of  its  residual  mag- 
netism after  every  observation,  but  this  is  continually  aug- 
mented by  ascending  forces.  Let  a  series  of  experiments  with 
ellipsoid  II.  4  sen-e  for  an  example.  X  denotes  the  magneti- 
zing force  of  the  helix,  TM  the  temporary  moment,  RM  the 
total  moment  remaining  after  the  cessation  of  the  action,  con- 
*  Galvanismus,  2nd  ed.  vol.  ii.  p.  350. 
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sequently  the  initial  moment  (UM)  increased  by  tliat  gene- 
rated by  the  force. 


X. 

TM 

RM 

X* 

TM" 

13-32 

103600 

46-7 

22-82 

103800 

41-0 

71-31 

107800 

23-8 

94-65 

108700 

17-7 

111-2 

109100 

15-9 

Wliile,  therefore,  the  temporary  moments  increase  more 
quickly  than  the  magnetizing  forces,  the  residual  again  in- 
crease more  quickly  than  the  temporary.  Hence  it  folloAvs 
also  that  the  residual  moments  increase  more  rapidly  than  the 
magnetizing  forces,  and  according  to  the  product  of  the  ratios 
TM      1  EM 

If  we  now  collect  all  the  results  relating  to  the  temporary 
magnetism  of  steel,  we  find  that  it  increases  at  first  more  slowly, 
then  more  quickly,  and  finally  (as  other  observers  have  already 
found)  again  more  slowly  than  does  the  magnetizing  force ; 
consequently  a  graphic  representation  of  the  dependence  of 
the  temporary  magnetism  on  the  magnetizing  force  must  give 
a  curve  of  the  following^form  : — 


TM. 


The  two  ordinates  drawn  correspond  to  the  two  turning- 
points  of  the  magnetization. 

[To  be  continued.] 
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XXV.   On  the  Forninlation  of  the  Parafms  and  their  Deriva- 
tives.   By  William'  Odling,  M.B.,  F.R.S.* 

A  SERIES  of  liydrocarbons,  of  composition  and  unit- 
Aveigbt  expres:^iblo  by  tbc  formukc  CH.i,  CgHo,  Calls, 
C4H10,  C5H12,  &c.  respectively,  constitutes  tbe  series  of  tbe 
parattins  (H.  Watts).  Tbe  first  member  of  tbe  series,  CH.i  or 
H4C,  is  familiarly  known  as  marsb-gas;  and  tbe  series  itself 
is  sometimes  spoken  of  as  tbe  marsb-gas  series. 

Eacb  successive  member  of  tbe  series  differs  in  composition 
from  tbe  immediately  preceding  member  by  an  increment  of 
carbo-bydrogen,  CH2 ;  and  as,  in  tbe  unit-weigbt  of  every 
member  of  the  series,  tbe  number  of  proportions  of  bydro- 
gen  exceeds  by  two  proportions  twice  tbe  number  of  pro- 
portions of  carbon,  tbe  series  itself,  as  well  as  eacb  member  of 
it,  is  expressible  by  tbe  general  formula  C„  Han+g. 

Excluding  the  earlier  terms,  tbe  members  of  tbe  paraffin 
series  are  notewortby  for  tbe  number  of  tbeir  isomeric  modifi- 
cations. Tbus  tbero  are  two  known  paraffins  expressible  by 
the  formula  C4H10,  tbree  by  tbe  formula  C5H12,  four  or  five  by 
tbe  formula  C6H12  or  HjoCg,  &c. 

Tbe  paraffins  are  met  witb  principally  as  products  of  destruc- 
tive distillation,  but  are  obtainable  also  by  various  definite 
reactions.  And,  in  particular,  a  large  number  of  tbem  bave 
been  produced,  directly  or  indirectly,  by  tbe  coalescence  of  two 
or  more  marsb-gas  residues,  as  set  fortb  beloAV. 

From  a  study  of  tbe  modes  of  formation  and  transformation 
of  certain  members  of  tbe  paraffin  series,  it  results  tbat  every 
paraffin  may  be  regarded  as  producible  by  tbe  coalescence  of 
tvfo  or  more  marsb-gas  residues,  in  such  a  way  tbat  eacb  par- 
ticular residue  coalesces  witb  as  many  otber  residues  as  it  is 
itself  deficient  in  tbe  full  number  of  proportions  of  hydrogen 
proper  to  marsb-gas,  H4C  or  CH4. 

Thus,  of  tbe  four  residues,  methyl,  H3C  or  CH3,  methylene, 
H3C  or  CH2,  formyl,  HC  or  CH,  and  carbon,  C,  tbe  residue 
methyl  coalesces  witb  one  otber  residue  only,  whether  tri-,  di-, 
mono-,  or  anbydric  ;  while  the  residue  methylene  coalesces 
with  two,  tbe  residue  formyl  witb  tbree,  and  the  residue  carbon 
with  four  otber  residues,  whether  alike  or  difterent,  and  whether 
anbydric,  monohydric,  or  polyhydric  respectively. 

Tbe  notion  of  these  various  ways  of  coalescence  is  expressed 
in  the  following  fully  developed  formulaj  for  some  of  the  pa- 
raffins,— coalescence  of  the  dificrent  residues  being  implied  by 
the  lateral  contiguity  of  their  respective  symbols  : — 

*  Coiumunicated  bv  the  Author. 
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H3C.CH3  =  C^He         H3C.H3C.CH3   or   H2c|^h!=  ^sHg 
rCH3  ('CH2.CH3 

(.CH3  (.CH3 


H3C.H2C.H2C.H2C.H2C.H2C.CH3  = 

With  the  increase  in  the  number  of  marsh-gas  residues 
coalescing  to  furnish  a  paraihn,  the  modes  of  their  conceivable 
arrangement,  subject  to  the  above-mentioned  condition,  become 
almost  infinitely  various.  In  all  jjaraffins  at  present  known, 
however,  the  modes  of  arrangement  are  reducible  to  four  (Schor- 
lemmer) ;  and  the  paraffins  are  accordingly  divisible  into  four 
subclasses,  namely: — a  dimethyl  subclass,  typified  by  the  hydro- 

carbon  HgC  -j  q-^-^  or  E[2C(CH3)2 ;  a  trimethyl  subclass,  typified 

fCHs 
bv  the  hydrocarbon  HC^  CH3  or  HC(CH3)3;  a  tetramethyl 
(CH3 

fCH3 

I  rtTT 

subclass,  ty])ified  by  the  hydrocarbon  C  /  ^ry^  or  C(CH3)4 ;  and 

(chJ 

another  tetramethyl  subclass,  typified  by  the  hydrocarbon 

the  pei'pendicular  hjqjhen  or  line  used  in  this  last  fonnula  ser- 
ving to  indicate  the  coalescence  of  the  two  formyl  residues 
written  one  under  the  other. 

Variously  constituted  penta-,  hexa-,  and  yet  more  highly 
methylated  paraffins  are  readily  conceivable,  but  have  not  actu-  Ji 

ally  been  met  with.      Moreover  the  known  members  of  the  » 

two  tetramethylated  subclasses  are  but  few  and  comparatively 
unimportant. 

The  dimethylated  and  trimethylated  paraffins  have  been  dis- 
tinguished for  some  time  past  as  nonnal  and  isoparaffins  respec- 
tively ;  and  it  being  useful  to  have  distinctive  names  for  the 
other  two  subclasses,  the  subclass  typified  by  the  hydrocarbon 
0(0113)4  may  be  conveniently  designated  as  that  of  neo-  or 
latest  paraffins,  and  the  subclass  typified  by  the  hydrocarbon 

1  ^      as  that  of  mesoparaffins, — the  prefix  meso-  sug- 

HO(OH3)2_  / 

gestiug  by  its  sound  a  special  connexion  between  this  and  the 
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iso-subclass,  and  by  its  meaning  tlio  intcnnediate  nature  of  this 
subclass,  as  associated  Avith  that  of  the  isoparaffins  in  being 
foiun}'lic,  and  with  that  of  the  neoparatHns  in  being  tetranie- 
tbylic.  Taking  then  the  Greek  letters  a,  v,  and  yu-  as  indices  of 
the  iso-,  neo-,  and  nieso-subclasses,  the  four  best-known  hexanes, 
for  instance,  may  be  expressed  by  the  following  condensed 
formula?  respectively  : — 

Hexaue.  Isohoxane.  Neolioxane.  Mesohexane. 

„prCH.,.CH,,.CH,.CH3  fCH2.Cn2.CH3         fCH,.CH3  hc/^^3 

^^{CB.;       -  HC^CH,  ^    Cn3  ■^|\CH3 

ICH3  <^    CH3  H0l<^^3 

LCH,  -^^tCHa 

In  the  majority  of  cases,  the  grouped  marsh-gas  residues 
CH2.CH3,  CH2.CH2.CH3,  CH2.CH2.CH2.CH3,  and  their  homo- 
logues,  or  ethyl,  propyl,  butyl,  &c.,  are  preferably  represented 
by  the  fiimiliar  condensed  expressions  C2H5,  C3H7,  C4H9,  &c. ; 
and  employing  these  expressions,  the  several  normal,  iso-  and 
neoparaffins  will  appear  as  di-,  tri-,  and  tetra-derivatives 
respectively  of  methane  or  marsh-gas,  and  the  several  meso- 
paraffins  as  tetra-derivatives  of  ethane,  propane,  and  the  suc- 
ceeding homologues  of  marsh-gas,  as  exemplified  in  the  fol- 
loAAdng  Table  (p.  208)?  of  formula  for  the  3-,  4-,  5-,  G-,  and 
7-carbon  paraffins. 

"With  regard  to  the  setting  out  of  the  formulEe  of  the  normal 
paraffins,  it  is  to  be  observed  that  the  formula  given  for  pen- 

tane,  for  instance,  HgC  -|  p^Tr^  or  propyl-methyl  methane,  is 

only  one  condensed  form  of  the  expression 

H3C.H2C.H2C.H2C.CH3, 

and  that,  so  far  as  the  nature  of  the  paraffin  is  concerned,  other 
condensed  forms  of  the   expression,  as  H3C.C4H9  or  butyl- 

methane,    H5C2.C3H7   or    propyl-ethane,    ^2^\  p^tt^  ^^'   ^^~ 

ethyl-methane,  and  HgCs^  Q-g^  or  dimethyl-propane,  are  just 

as  correct,  and  are  each  of  them,  in  view  of  certain  reactions 
and  relations,  even  more  convenient.  But  upon  the  whole,  the 
mode  of  setting  out  the  formulae  of  the  normal  paraffins  made 
use  of  in  the  Table  appears  to  be  most  generally  advantageous, 
from  its  best  illus+rating  the  relationship  of  the  nomial  to  the 
iso-  and  neoparaffins,  and  more  particularly,  as  will  hereafter 
be  seen,  from  its  best  illustrating  the  relationship  of  the  normal 
paraffins  both  to  their  derived  ketones  and  secondary  alcohols, 
and  also  to  their  associated  olefins.     This  mode  of  expression, 
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Paraffins.        Isoparaffins.         Neoparaffins.     Mesoparaffins. 


Propane,  CsHg. 
])imetliyl  methane. 


Butanes,  C4H10. 


Ethvl-iupthvl  methane. 

jjAfcX    B.p.  1' 


Trirnethyl  methauo. 

rCH,     B.P.  -15°. 
HO  \  CH3 

ICH3 


Propyl-methyl  methane, 
p-p/CjH,     B.P.  38° 


Pentanes,  G^i^- 

Ethyl-dimethyl  methane. 

'  C2H5     B.P.  30° 
TIC  -1  0  H3 
OH, 


Tetramethyl  methane. 

CH3    B.P.  9°-5 

CH3 
I  CH3 
ICH3 


C 


Hexanes,  C^S^u. 


BLityl-methyl  methane.     Propyl- dim  ethyl  methane , 

C.H^    B.P.  62° 

CH3 

CH3 


jj(.rC,H3    B.P.  70° 


HC 


Diethyl-methyl  methane. 
(  C,H3     B.P.  ? 

hc]c;h5 

ICH3 


Ethyl-trimethyl  me- 
thane, 
f  C.Hj    B.P.  45° 
OH3 
OH3 
CH, 


C 


Tetramethyl  ethane. 
^p/CH,,     B.P.  58° 


HC 


CH3 
CH, 


Heptanes,  0-^\(^. 


Pentyl-methyl  methane.     Butyl-dimethyl  methane 
B.P.  99°  r  CjH,     B.P.  91° 


-or  p  fC^H,! 
^^^  1  0  Ha 


HO 


0H3 

OH, 


Propyl-trimeth-me' 

thane. 

fOgH,    B.P.? 

0H3 

0H3 

ICH3 

Propyl-cth-meth-methane. 
r  C3H7     B.P.  ? 

HC  \  0,H,5  Diethyl-dimethyl  methane.  Tetramethyl  propane, 

oX  fCH-,    B.P.  86°  -rrrifOH,    B.P.? 

P  I  o:,H5 

Triethyl  methane.  ^  S  (fj^                              H  0 

c:h,    B.P.9G°  [cHa                             w}-/CH, 

HC^  C,H,  H^ICH 
C.H, 


0- 


Ethyl-trimethyl  ethane. 
HcjgA     B.P? 


^PlOH, 
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liowever,  must  not  be  taken  to  imply  that  in  tlip  normal  paraf- 
fins one  proportion  of  metliyl  stantls  in  a  ditferent  relation  to 
the  other  proportion,  or  any  one  proportion  of  methylene  in  a 
different  relation  to  the  remaining  proportions. 

By  the  direct  or  indirect  replacement  in  any  paraffin,  of  one 
proportion  of  hydrogen  by  a  proportion  of  chlorine  or  other 
radical,  sinn)le  or  compound,  a  great  variety  of  mono-deriva- 
tives of  each  of  the  several  paraffins  is  obtainable.  Represent- 
ing the  proportion  of  radical  introduced  in  the  place  of  one 
proportion  of  hydrogen  by  the  letter  X,  the  mono-derivatives 
of  propane,  for  instance,  will  be  expressible  by  the  foramla 
C3H7X,  those  of  butane  and  isobutane  by  the  formula? 
C4H3X  and  C4H9X  respectively ;  those  of  pentane,  isopen- 
tane,  and  neopentane  by  the  formulae  C^HnX,  CgHnX,  and 
CoHnX  respectively,  and  so  forth  ;  the  residues  C3H7,  C^H.), 
C^H^,  C^Hn,  C^Hr,,  CsH^i,  &c.  constituting  the  paraffin- 
or  alcohol-  monad  radicals  propyl,  butyl,  isobutyl,  pentyl,  iso- 
pentyl  or  amyl,  and  neopentyl,  (fcc. 

But  it  is  found  that  in  any  single  paraffin,  the  replacement 
of  one  proportion  of  hydrogen  by  one  proportion  of  some  par- 
ticular radical — chlorine,  CI,  or  hydroxyl,  OH,  for  instance — 
gives  rise  to  the  production  of  at  least  two  distinct  isomers. 
And  a  study  of  the  formative  and  transformative  reactions 
of  these  isomers  leads  to  the  conclusion  that  the  difference  be- 
tween them  depends  upon  Avhether  they  result  from  a  substi- 
tution of  the  introduced  radical  for  the  hydrogen  of  a  methyl  or  of 

a  methylene  residue  (in  butane  for  instance,  HgC-j  r^xr^        ^)) 

or  for  the  hydrogen  of  a  methyl  or  of  a  formyl  residue  (in  iso- 
butane for  instance,  HC  (0113)3). 

The  paraffin  radicals  resulting  in  this  way  from  the  intro- 
duction of  a  foreign  radical  in  the  place  of  the  hydrogen  of  a 
methyl-  or  of  a  methylen-  or  of  a  formyl-  residue  in  the  original 
paraffin,  are  spoken  of  as  primary,  secondary,  and  tertiary 
radicals  respectively.  To  the  root-names  of  the  secondary  and 
tertiary  radicals,  moreover,  it  is  convenient  to  add  some  di- 
stinctive prefix  ;  and  the  prefix  "  iso  "  has  been  very  generally 
made  use  of,  not  only  in  the  case  of  the  primary  radicals  of 
isoparaffins,  but  also  in  the  case  of  the  secondary  and  tertiary 
radicals  generally,  though  necessarily  with  much  resulting 
confusion.  Occasionally,  however,  the  prefix  "  pseudo  "  has 
been  applied  in  the  case  of  the  secondary  radicals — a  practice 
it  seems  desirable  to  employ  more  systematically  ;  and,  taking 
the  Greek  letter  tt  for  the  index  (i|r  being  reserved  for  the 
rarer  case  of  the  secondary  radicals  of  the  isoparaffins),  the 
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secondary  radicals  pertaining  to  propane  and  butane,  for  in 
stance,  will  be  named  and  formulated  as  follows  : — 


Fseudobutyl. 
G^Rl   or   -HO  I 


Pseudopropyl, 
C3H?  or  -Hc|g|3  c^H^   or   -HOJ^^j^^ 

Similarly  in  the  case  of  the  tertiary  radicals,  the  prefix 
"  kata  "  and  the  index  letter  k  may  well  be  resorted  to, — the 
latter  recalling  to  memory  that  in  these  radicals  the  carbon 
(/c)  of  the  characteristic  marsh-gas  residue  alone  remains  un- 
replaced.  The  tertiary  4-carbon  radical,  for  instance,  will  be 
formulated  as  C4H9  or  -C(CH3)3,  and  be  spoken  of  as  kata- 
butyl.  The  foUo^ang  Table  of  2-,  3-,  4-,  and  5-carbon  radicals, 
primary,  secondary,  and  tertiary,  is  drawn  up  in  accordance 
with  these  suggestions. 


Paraffins.    Primary  Radicals.     Pseudo-Radicalb.    Kata-Radicals. 


Propane. 


H,C 


/CH3 
ICH3 


H 


H 


Propyl. 

oh: 


Pseudopropyl. 
XHC- 


^{g| 


H,C 


Butane. 

H3 


{S 


Isobutane. 

rcH3 

HC  \  CH, 


Butyl. 

Isobutyl. 
fCH„X 
HC  \  CH3 
ICH3 


Pseudobutyl. 


Katabutyl, 
fCH3 
XO  \  CH„ 

OH3 


H,C- 


Pentane. 
C3H7 
CH, 


leopentane, 
HO  -^  0  H3 

[oh: 


Neopentane. 

roH3 

C     CHa 
OH, 


Pentyl. 
^^•^lOHa 


Isopentyls. 
fO^H.X 
HC  <^  0  H3 

[oh; 

rcH, 

HO  \  0"H3 

i  0  H^X 

Neopentyl. 

fCH,X 
n]  OH3 
^     CH3 

ICH3 


Pseudopentyls, 
XH0{^«57 


XHC 


(0, 
10, 


H3 

H 


Pseudisopentyl. 

r  CHX.CH3 

HC  \  CHs 

[CHa 


Katapentyl. 
C2H5 
XC^  CH3 
CHs 
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The  compounds  resulting  from  tho  paraffins  throup;h  the 
substitution,  for  one  ]iroportion  of  liydrogen  in  tho  paraffin,  of 
one  proportion  of  hydroxyl  (that  is,  of  oxygen  lialf-saturatod 
by  hydrogen)  constitute  the  paraffin  alcohols,  hydrates,  or  car- 
binols,  OnHan+iOH.  Unlike  tho  paraffins,  the  alcohols  are 
readily  susceptible  of  oxidation,  and,  according  to  their  several 
natures,  are  found  to  undergo  oxidation  in  three  different 
fashions.  Treated  ANdth  oxidizing  agents,  the  alcohols  of  one 
description  first  lose  two  proportions  of  hydrogen,  H2,  to 
furnish  a  compound  of  Avell-characterized  properties  known 
as  an  aldehyde, — this  aldehyde  then  acquiring  one  proportion 
of  oxygen,  0,  to  furnish  an  acid,  and  this  acid  further  under- 
going a  disruptive  oxidation  only.  Alcohols  of  this  descrip- 
tion, or  alcohols  proper,  are  found  to  result  from  the  replace- 
ment of  the  hydrogen  of  a  methyl  residue  of  the  original  pa- 
raffin by  hydroxy],  and  are  known  therefore  as  primary  aJJcor 
hols  : — 


Butane.  Butyl-alcoliol.  ButjT-aldeliyd.  Butyi"ic  acid. 

TT  p  /  C  H3        rr  p  /  0  H2.OH  ^  p  /  C  HO''         XT  p  /  C(OH)'0'' 

I^obutane.  Isobutvl-alcohol.        Isobutyr-aldehyd.  Isobutyric  acid. 

Hi^,.   Hc{f-4H         HCJCW        Hc{0(OHyO" 

Alcohols  of  another  description,  when  treated  with  the  same 
oxidizing  agents,  first  lose  two  proportions  of  hydi-ogen,  Hg, 
to  furnish  a  compound  of  well-characterized  properties  known 
as  a  ketone,  this  ketone  further  undergoing  a  disruptive  oxi- 
dation only.  Alcohols  of  this  description  are  found  to  result 
from  the  replacement  of  the  hydrogen  of  a  methylene  residue 
of  the  original  paraffin  by  hydroxyl,  and  belong  therefore  to 
the  class  of  secondary  or  pseudo-alcohols. 

Parafiin.  Pseudol.  Ketone. 

Alcohols  of  yet  a  third  description,  when  treated  mth  the 
same  oxidizing  agents,  yield  neither  the  succession  of  aldehyd 
and  acid  nor  yet  a  ketone,  but  suffer  a  disruptive  oxidation 
only.  Alcohols  of  this  description,  in  some  respects  allied  to 
the  phenols,  are  found  to  result  from  the  replacement  of  the 
hydrogen  of  a  formyl  residue  of  the  original  paraffin  by  hy- 
droxyl, and  are  known,  therefore,  as  tertiary  alcohols  : — 

Paraffin,  HC(CH3)3  :       Tertiary  alcohol,  HO.C(CH3)3. 

The  only  system  of  nomenclature  for  the  alcohols  at  present 
much  in  u^e  is  that  devised  by  Kolbe.    ■  The  biasis  of  this  sys^ 
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tern  consists  in  specializing  by  the  name  of  carbinol  that  par- 
ticular niarsh-fras  residue,  whether  mono-,  di-,  or  trihydric  in 
which  a  replacement  of  hydrogen  by  hydroxy!  has  been 
effected,  and  in  naming  therewith  the  associated  hydrocarbon 
residue  or  residues  of  the  original  paraffin.  In  this  way  the 
primary,  secondary,  and  tertiary  5-carbon  alcohols,  for  in- 
stance, are  designated  by  Kolbe  as  follows,  his  mode  of  for- 
mulating them,  however,  being  different  from  that  employed 
below  : — 

Butyl-carbinol.         Proiiyl-methyl-carbinol.       Ethvl-dimetbyl-carbinol. 

(HO)H,C.C.H,      H0.Hc{C3Hr  KO.^{f§l^^. 

It  was  pointed  out,  when  speaking  of  the  paraffins,  that  the 

expression  for  normal  pentane,  for  instance,  HjC-?  p^ii^  i* 

equally  with  other  expressions,  including  H3C.C4H9,  merely 
a  condensation  of  the  expression 

II3C.CH2.CH2.CH2.CH3. 

NoAV  it  is  obviously  from  the  expression  H3C.C4H9  for  the 
paraffin  that  the  above  expression  (HO)H2C.C4H9  for  the 
primary  alcohol  is  derived  ;  and  this  mode  of  formulation  may 
often  be  resorted  to  with  advantage  in  the  case  of  primary 
alcohols,  from  its  bringing  out  so  Avell  the  relationship  between 
them  and  the  secondary  and  tertiary  alcohols,  as  shown  in  the 
above  examples — and  also  the  relationship  to  one  another  of 
the  cyanide,  acid,  and  alcohol,  as  shown  below : — 

Butyl-cyanide.  Butyl-oxatyl.  Butyl-carbinol. 

NC.C4H9  HO2C.C4H9         (HO)H2C.C4H9. 

On  the  other  hand,  it  fails  to  indicate  the  derivation  of  the 
secondary  alcohol  from  the  normal  paraffin,  and  that  of  the 
tertiary  alcohol  from  the  isoparaffin,  as  illustrated  by  formulae 
of  the  description  thought  to  be,  on  the  whole,  most  advanta- 
geous : — 

Normal  paraffin.  Primary  alcohol.  Secondary  alcohol. 

XT  pj    C3H7  TT  n  J    CsHg.OH  -rrr\  rrri  S   C3H7 

^'^  \  CH3  ^'^  1  CH3  MU.MC  j  (.  jj^. 

Isoparaffin.  Isoprimarv  alcohol.  Tertiary  alcohol. 

CG2H5  CC2H.1.OH 

HC^  C  H3  HC^  C  H3  HO.C 

(CHs  (CH3 

It  is  further  to  be  remarked  that  the  several  expres- 
sions (H0)H2C.C4H9  and  HgCC^HgCOH),  HsCJ^g^-OH 
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ilj'-'-J  ("•  H  '   '"         "-i^^  r  H  '        '  normal   pri- 

mary alcohol  are  really  identical,  being  but  different  condensa- 
tions of  the  one  formula'  CH2(OH).OH2.CH2.CH2.CH3,  but 

that    the    expressions    HO.HCJ^J^Ht^   and  HO.HCJ  ^=^JJ-; 
for  the  normal  secondary  alcohol,  and  the  expressions 

HC^  C  H3  and     HC^  C  H3 

(CH3  (CH2.OH 

for  the  isoprimary  alcohol  are  radically  different,  and  appli- 
cable in  each  case  to  a  different  compound. 

Taking  the  precaution  to  express  in  all  cases  the  hydroxylated 
marsh-gas  residue  as  a  separate  constituent  of  the  alcohol, 
Kolbe's  system  of  nomenclature  is  quite  in  acconlance  with 
the  system  of  formulation  for  the  paratHns  and  paratiin  radicals 
previously  explained  and  exemplified.  It  seems  preferable, 
however,  to  restrict  the  application  of  the  term  carbinol  in 
great  measure  to  the  tertiary  alcohols,  to  accord  the  term 
pseudo-alcohol  or  pseudol  to  the  secondary  alcohols,  and  to 
employ  the  term  alcohol  specifically  to  designate  the  alcohols 
proper  or  primary  alcohols,  which,  looked  upon  as  hydrocar- 
bon derivatives  of  the  type  X0H2(0H),  may  also  be  called 
methols. 

Alcohols  Proper,  or  Primary  Alcohols. 
Propi/l  alcohol,  or  Ethjl  methol,  or  carbinol,  H5C2.CH2OH.    B.P.  97^. 

Butyl  alcohol,  or  Propyl  methol,  HjCs.CHoOH.     B.P.  116. 

c^H^to     nr/^^H^OH    ^^  „..rcH2.CH20H 

jj|U  ^2^1  CH3  """^    ^2^\CH3 

Isohutyl  alcohol,  or  Pseuclopropyl  methol,  H7C3.CH2OH.    B.P.  109°. 


.  fCH2( 

\0       HC^CH3 
^  (CH3 


Pentyl  alcohol,  or  Butyl  methol,  HgCi-CHsOH.     B.P.  137' 
jj    j-U        ^2^10  H3  "•'    ^^\()  H3 
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Jsopentyl,  i.  e.  Amr/l  alcohol,  or  Isohityl  methol,  H9CI.CH2OH.  B.P.  130°. 

fiXT.^  CC2H4OH  CCH2.CH2OH 

^^4i''  iO         HC^CH.,  or    HC^CHa 

^  (CH3  (CH3 

/3  Isopentyl  alcohol,  or  Psemlohutyl  methol,  H9CI.CH2OH.     B.P.? 


(CH2OH 

Neopentyl  alcohol,  or  Katahutyl  methol,  H9C4.CH2OH.    B.P..? 

rCHsOH 
CgHii  \(^  p  J  CK3 

H    /^  ^ICHs 

:  tcH 


zii-:^fa:-^S3rrrss      V  ^-'-'•3 


Pseudo-alcohols,  Pseudols,  or  Secondary  Alcohols. 
Pseudopropyl  alcohol,  or  Dimethyl  earhinol  or  pseudol.   B.P.  83°. 


^3^Ho        HO.HCJ™' 


Pseudohutyl  alcohol^  or  Ethyl-methyl  pseudol,     B.P.  99°. 
^i'}0        H0.HC{C|= 


P seudopentyl  alcohol,  or  Propyl-methyl  2^-^endol.     B.P.  118°. 
/3  Pseudopentyl  alcohol,  or  Di-ethyl  pseudol.     B.P.  ? 


'h'}o      Ho.Hc{g;H. 


Pseudisopentyl  alcohol,  or  Pseudopropyl-methyl pseudol.  B.  P.  104'- 

p  TT^ -V  rrn'^  ('CH(0H).CH3 

C^Hujo       ■,H0.HC{««H;   or  HC]CH3 


(CH3 
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Carbols,  Carbinols  Proper,  or  Tertiahy  Alcohols. 
Tertiary  Butyl  alcohol,  or  Triinethyl  carbinol.    13. P.  82°'5. 


(CH 


Tertiary  JPentyl  alcohol, or  JEthyl-dimethyl  carbinol.  B.P.  98°*5. 


.  fC,H, 

XT    ^0  HO.C^CHa 

"■    ^  (CH3 


In  the  above  Tables  the  first  column  shows  the  condensed 
formulae  of  the  several  2-,  3-,  4-,  and  5-carbon  alcohols  as 
"wator-typo  derivatives,  and  the  second  column  their  formula} 
as  paraffin  derivatives.  In  the  third  column,  a  few  of  these 
last  formulae  are  set  out  in  a  slightly  more  elaborated  form ; 
and  those  of  the  primary  alcohols  thereby  adapted  to  Kolbe's 
system  of  names,  which,  however,  appear  of  less  advantage  as 
applied  to  this  class  of  primary  than  as  applied  to  either  of 
the  other  two  classes  of  alcohols. 

The  system  of  alcohol  notation  employed  in  these  Tables  has 
the  advantage  of  manifesting  clearly  the  relationship  of  the 
paraffin  alcohols  in  general  to  their  associated  paraffins  and  to 
the  olefins  and  olefin  alcohols,  also  the  relationship  of  the 
primary  alcohols  to  their  associated  aldehyds  and  fatty  acids^ 
and  of  the  secondary  alcohols  to  their  associated  ketones,  and, 
lastly,  the  relationship  of  the  alcohols  in  general  to  their  asso- 
ciated glycols,  glycerines,  and  erythrites,  &c.  Its  adaptability 
to  the  fatty  acids  coiTesponding  to  the  several  primary  alco- 
hols, whether  derived  from  normal,  iso-,  or  neoparaffins,  &c., 
is  illustrated  below.  The  three  recognized  5-carbon  acids, 
for  instance,  may  be  designated  and  formulated  as  follows, 
the   normal  acid  being   further   capable   of  formulation   as 

Pentoic  or  Methyl-butyric  Acid. 

C5H10O2        C4(CH3)H6.02H         H2C  j  QYi       ^    ' 

Isopentoic,  or  Valeric,  or  Dimethyl^yropionic  Acid. 

CHToO^         C3(CH3)2H3.02H         HC  {  ^q^^^^'^- 

Neopentoic  or  Trimethyl-acetic  Acid. 

C  00  TT 

c,h;;o02        C2(ch3)3.02H         ^{(oi,),' 
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As  regards  the  choice  of  distinctive  names,  indicative  of 
the  modes  of  origin  and  transformation  of  the  different  iso- 
meric acids,  those  chemists  who  employ  Kolbe's  system  of 
nomenclature  in  the  case  of  the  primary  alcohols  will  naturally 
prefer  to  use  some  corresponding  terms  for  their  associated 
acids,  and,  calling  the  alcohol  butyl-carhinol  or  -methol,  for 
instance,  would  call  the  associated  acid  butyl-oxatyl  or  deri- 
vatively as  butyl-formic  acid,  thus  : — 

Butyl  Isobutyl  Katabutyl 

-carbiuois   .    (H0)H2C.C,H;        (HO)H2C.C4H^       (HO)H2C.C4H^ 

-fonmc  acids  HO2C.C4H;  HOsC.C^H^  HOsC.C^H^. 

Other  chemists,  again,  paying  special  regard  to  the  consti- 
tuent residues  of  the  different  acids,  wall  prefer  to  designate 
the  three  5-carbon  acids,  for  instance,  as  ethyl-propionic, 
psendopropyl-acetic,  and  katabutyl-formic  acids  respectively. 
Altogether,  however,  the  names  which  call  to  mind  that  the 
normal,  iso-,  and  neo-acids  are  mono-,  di-,  and  trimethyl  &c. 
derivatives  would  seem  to  be  most  advantageous.  The  rela- 
tionship to  one  another  of  the  different  seriations  of  names  is 
shown  below : — 

Normal,  Iso-,  and  Neo-pentoic  Acids,  Cg  Hio  Og. 

Nor.  Methyl-butyric.   Ethyl-propionic  Propyl-acetic  Butyl-formic 

Iso-  Dimethi/l-propionic.    Pseudoprop-acetic     Isobutyl-formic 

Neo-  Trimethyl-acetic.        Katabutyl-formic, 

The  simplest  term  of  the  iso-series  is  derivable  from  the 
secondary  alcohol  or  pseudol  of  the  next  preceding  lower 
carbon  group,  and  the  simplest  term  of  the  neo-series  from 
the  tertiary  alcohol  or  carbinol  of  its  next  preceding  lower 
carbon  group, — in  each  case  by  an  indirect  substitution  of 
oxatyl  for  hydroxyl,  thus  : — 

Normal  Propionic  or  Methyl-acetic  Acid. 
^2c{cH^   or    HO2C.H2C.CH3   from  (HO)H2C.CH3. 

Isohutyric  or  Dimethyl-acetic  Acid. 
HCJ^^^^x    or  H02C.HC(CH3)2  from  (HO)HCXCH3)2. 

Neopentoic  or  Trimethyl-acetic  Acid. 
^{(CHOa  «i-  H02C.C(CH3)3   from   (HO)C(CH3)3. 
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Where,  however,  as  in  the  case  of  the  more  complex  .suc- 
ceeding terms,  isomerism  does  or  may  occur  among  iso-acids 
with  one  another,  and  among  neo-acids  with  one  another,  these 
relations  of  derivation  are  confined  to  certain  isomeric  forms 
only,  as  instiinced  in  the  case  of  the  four  acknowledged  forms 
of  isocaproic  acid,  the  first  two  forms  only  being  derivable  as 
above  from  the  two  5-carbon  pseudols  each  to  each,  and  the 
last  two  deriving  from  the  two  5-carbon  iso-primary  alcohols 
each  to  each,  by  the  substitution,  as  before,  of  oxatyl  for  hy- 
droxjl,  thus : — 

Propyh-methyUacetic  Acid. 

HC^CsH;    from    HC^  C3H;    or    HO.HC^  p^^'- 
(CH3  (CHs  ^^^' 

Diethyl-acetic  Acid. 

Ethyl-methyl-propionic  Acid. 

CCH2.CO0H  CCH2.OH 

HC^CsHg  from    HC^  C2H5       . 

(CH3  (CH3 


Dimethyl-butyric  Acid. 

)2       ' 


-rrn  f  C2H4.CO2H       p  TTP/C2H4.C 

^^l(CH3)2  ^'°"'  ^^UCHs), 


Similarly,  as  regards  the  derivation  of  the  succeeding  from 
the  preceding  alcohols  by  indirect  exchange  of  CH2  (OH)  for 
OH,  it  may  be  noticed  in  the  Table  of  alcohols  proper  that 
while  the  first  isoalcohol  or  isobutyl  alcohol  is  derivable,  as 
above,  from  the  pseudopropylic  or  first  secondary  alcohol,  but 
one  of  the  two  conceivable  isopentyl  alcohols  would  be  deri- 
vable in  this  way  from  pseudobutyl  alcohol,  the  other  being 
derived  instead  from  primary  isobutyl  alcohol. 
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XXVI.  Out  lie  Beanng  of  the  Fundamental  Law  of  Electrody- 
namics toivard  the  Principle  of  the  Conservation  of  Energy ^ 
and  on  a  further  Simplification  of  the  former.  By  Professor 
R.  Clausius  *. 

THE  new  fundamental  law  of  electrodynamics  recently 
connnunicated  by  me  f  presents,  in  relation  to  its  admissi- 
bility and  the  still  existing  possibility  of  a  simplification,  occa- 
sion for  some  very  essential  considerations,  which  I  take  leave 
likewise  to  communicate. 

Let  two  particles  of  electricity  in  motion,  e  and  e',  have  at 
the  time  t  the  rectangular  coordinates  a',  y,  z  and  ./,  y' ^  z' ,  and 
for  abbreviation  put  ^=x—x',  rj=y—y',  ^=z—z'.  Further, 
let  r  denote  the  distance  of  the  two  particles  one  from  the  other, 
ds  and  ds'  two  path-elements  simultaneously  traversed  by  them, 
e  the  angle  between  these,  and  v  and  v^  the  velocities.  If  then 
the  components,  in  the  coordinate-directions,  of  the  force  which 
the  particle  e^  exerts  upon  the  particle  e  is  represented  by 
'Kee'j  Yee',  Zee',  equations  are  valid  to  which  in  my  previous 
communication  I  gave  the  more  general  form 

X=^-k(\cose  +  n.^vv'  +  k~(-^\ 
r^         \r^  dsds'J  dt\r  dt P 

Y=\-h(^co.e  +  nll}ivv'^hU-% 
r'        V  dsd//  dt\rdtr 

ry      ^      l/^  _l     "^rX     ,^j  d/ld^\ 

r^         W  dsds'J  dt\rdtr 

where  h  is  the  constant  which  refers  to  the  quantitative  ratio 
between  the  electrodynamic  and  the  electrostatic  force,  and  n 
denotes  a  constant  provisionally  left  undetermined. 

The  question  now  arises,  whether  the  law  of  force  expressed 
by  these  equations  is  compatible  with  the  principle  of  the  Con- 
servation of  Energy. 

If  the  electrodynamic  action  on  each  other  of  the  two  par- 
ticles is  effected  through  a  material  medium  existing  between 
them,  it  is  not  absolutely  necessary  that  the  forces  to  which 
the  two  individual  particles  are  subjected  shall  by  themselves 

*  Translated  from  a  separate  impression,  communicated  by  the  Autlior, 
having  been  laid  before  the  Niederrheinische  Gesellschaft  fiir  Natur-  uud 
Heilkunde  on  the  the  7th  Feb.  1876. 

t  Phil.  Mag.  January  1876,  pp.  69-71. 
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alone  satisty  tliat  priiici])lo,  since  the  material  niedinni  also 
takes  part  in  the  action.  For  the  actions  exerted  upon  one 
another  by  closed  galvanic  currents,  however,  wo  may,  in  ac- 
cordance with  their  known  laws,  expect  to  find  that  principle 
satisfied  even  without  tidcing  account  of  the  presence  of  a  ma- 
terial substance  between  them. 

If  now  the  above  expressions  of  X,  Y,  and  Z  bo  multiplied 

successively  by  -j-j  -jjj  and  -j",  and   likewise  the  expressions 

which  are  formed  in  a  corresponding  manner  for  the  compo- 
nents X',  Y^,  and  Z'  of  the  forces  acting  on  the  particle  e  be 

dx'  di/  dzf 

multiplied  by  —r-^  -y-j  and-^,  and  then  the  whole  be  added 

and  the  total  multiplied  by  the  product  ee'  and  the  time-element 
dt,  we  shall  obtain  the  expression  of  the  work  done  during  this 
time-element  by  the  two  forces.  This  expression,  if  for  the 
present  the  terms  affected  by  the  factor  n  be  omitted,  can  be 
brought  into  the  following  form, 

-d^A[l-k{i?-\-v'-'-vv'cose)']-^^^-^d{v^  +  v''). 

The  first  term  in  this  is  a  complete  di£ferential,  thus  corre- 
sponding \d\h  the  principle  of  the  Conservation  of  Energy, 
Avhile  the  second  term  does  not  fulfil  this  condition. 

But  let  us  now  consider  two  galvanic  current-elements,  which 
may  move  in  any  way  whatever  and  can  be  variable  in  their 
intensity,  we  have  then  to  admit  that  in  each  of  these  elements 
an  equal  quantity  of  positive  and  negative  electricity  is  present. 
Let  us  denote  these  quantities  by  +e,  —e,  +/,  —e',  and  com- 
bine +  ewith  +e',  +«  with  —6^,  —  ewith  +e^,  and  —  e  with 
— ef  ',  we  have  then  for  each  of  these  four  combinations  to  con- 
struct an  expression  of  the  foregoing  form,  and  to  add  up  the 
four  expressions.  Thereby  we  obtain  from  the  last  term  (which 
by  taking  away  the  brackets  di\ndes  into  two),  in  the  whole, 
eight  terms,  each  two  of  which  are  equal  and  opposite,  so  that 
collectively  they  annul  one  another.  The  sum  then  consists 
therefore  of  only  the  four  terms  corresponding  to  the  first  term 
of  the  foregoing  expression,  which,  as  before  said,  satisfies  the 
principle  of  the  Conservation  of  Energy. 

In  regard  to  the  terms  affected  by  the  factor  n,  above  omitted, 
these  likewise,  in  the  expression  of  the  work  which  refers 
to  two  single  current^elements,  are  in  part  eliminated ;  and 
those  that  remain  become  nil  by  integration  with  resj)ect  to 
closed  currents. 

Accordingly  the  above  equations  are,  as  required  by  the 
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foots  established  by  experiment,  in  harmony  with  the  prin- 
ciple of  the  Conservation  of  Energy. 

I  have  already,  in  my  previous  communication,  said  that  it 
is  theoretically  most  })robable  that  the  value  of  the  constant  n 
is  zero.  Thereby  the  terms  affected  by  the  factor  n  fall  away 
of  themselves  ;  and  consequently  the  principle  of  the  Conser- 
vation of  Energy  is  fulfilled  not  merely  for  closed  currents, 
but  also  for  the  single  elements  of  them. 

Besides  this  simplification,  however,  a  second  can  now  be 
introduced,  Avhich  likewise  refers  only  to  a  constituent  of 
the  formulae  not  affecting  the  actions  of  a  closed  galvanic 
current. 

I  have,  in  deriving  the  above  equations,  already  deviated  in 
some  essential  points  from  the  views  hitherto  held.  I  have, 
namely,  taken  into  consideration  not  merely  the  relative 
motion  of  the  two  particles  of  electricity,  but  also  their  abso- 
lute motions ;  and  for  the  electrodynamic  forces  exerted  by 
the  particles  on  one  another  I  have  neglected  the  assumption 
that  their  direction  must  fall  in  the  line  joining  the  particles. 
On  the  other  hand,  I  have  held  fast  to  the  hypothesis  that  the 
two  forces  are  equal  and  opposed  to  one  another.  Nevertheless 
even  this  hypothesis  is  not  necessary  for  forces  such  as  the 
electrodynamic ;  if  we  drop  it  also,  we  can  give  to  the  funda- 
mental equations  the  following  form  : — 

X=-^(l-...'cose)-.|(^f); 

d^ 

Y=-^^'(l-Wcose)-.|(-^f); 

d- 
Z=-lf(l-Wcose)-^|(Jf). 

The  force  acting  on  the  particle  e,  determined  by  these 
equations,  and  the  corresponding  force  acting  on  the  particle 
</  satisfy  by  themselves  alone  the  principle  of  the  Conservation 
of  Energy ;  for  the  work  done  by  them  during  an  element  of 
time  is  represented  by  the  following  complete  differential, 

—  d  —  ( 1  +  kv  X)'  cos  e). 
r 

By  employing  a  method  introduced  by  Lagrange  on  another 
occasion,  the  individual  force-components  can  also  be  expressed 
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more  simply.     If,  iianielj,  v>c  put 


et/ 
r 

V  =  -  -  vv  cos  e, 

r 


T\dt    dt   '^  (it   dt"^  dt  dtp 


and  regard  U  as  a  function  of  the  six  coordinates  .r,  y,  z,  ./, 
?/,  z' ,  and  V  as  a  function  of  these  six  coordinates  and  their 
ditierential-coefHcients  according  to  t,  -sve  can  Avrite 

^^"^  dx  dt\.dx)' 

and  in  just  the  same  manner  can  the  other  five  force-compo- 
nents be  derived  from  the  two  functions  U  and  V  by  differen- 
tiation. 

For  the  com|)onents  of  the  force  which  is  exerted  upon  a 
galvanic  current-element  ds  by  a  current-element  ds'  we  get 
from  the  simplified  form  of  the  fundamental  equations  the  fol- 
lowing expressions : — 

•v;    7.  A'  '^rda/\ 

cii  ds  ds  (  __  cos  e T-T/  ) ' 

\dx  ds  ds'  / 


ctV  ds  ds'l  _1  cos  e  —  _1  'X ) ; 
\dy  ds  ds  / 

cii'  ds  ds'  (  —  cos  e  — t  -t/)' 
\dz  ds  ds'  / 


XXVII.  On  the  Relative  Values  of  the  Pieces  in  Chess.  By 
H.  M.  Taylor,  M.A.,  Fellow  and  Tutor  of  Trinity  College, 
Camhridye* . 

THE  object  of  this  paper  is  to  ascertain  the  relativje  values 
of  the  pieces  on  a  chessboard.  If  a  piece  be  placed  on 
a  square  of  a  chessboard,  the  number  of  squares  it  commands 
depends  in  general  on  its  position.  If  we  calculate  the  ave- 
rage number  of  squares  which  any  particular  piece  commands 

*  Cominimicated  by  the  Author. 
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when  placed  in  succession  on  every  square  of  the  board,  it 
seems  fair  to  assume  that  this  gives  a  not  very  inexact  measure 
of  the  value  of  the  piece. 

For  special  reasons  the  above  problem  is  stated  in  the  fol- 
lowing manner  : — "  A  king  and  a  piece  of  different  colours  are 
placed  at  random  on  two  squares  of  a  chessboard  of  ?i^  squai'cs  : 
it  is  required  to  find  the  chance  that  the  Iving  is  in  check." 

The  ordinary  chessboard  has  an  even  nmnber  of  squares  ; 
and  as  some  of  the  results  take  different  forms  for  odd  and 
even  values  of  w,  the  results  are  given  merely  for  eVen  values 
of  n,  and  the  results  for  the  ordinary  chessboard  of  64  squares 
deduced  from  them. 

As  the  relative  values  of  the  knight  and  bishop  on  the  ordi- 
nary chessboard  on  this  hypothesis  came  out  in  a  ratio  very  dif- 
ferent from  the  ratio  that  is  ordinarily  received  by  chess-players, 
it  occurred  to  the  author  to  investigate  the  chance  that  when 
a  king  and  a  piece  of  different  colours  were  placed  at  random 
on  two  squares  of  a  board,  the  king  would  be  in  check  but 
unable  to  take  the  piece.  This  check  is  called  safe  check  in 
contradistinction  to  a  mere  check,  which  may  be  safe  or  misafe 
and  which  is  called  simple  check. 

Simple  cliechfrom  one  rook. 

A  rook  in  any  position  checks  2(n  — 1)  squares.     The  king 
can  be  placed  on  n^—1  for  any  given  position  of  the  rook. 
The  chance  of  check,  therefore,  is 
2(n-l)_     2 


n2-l 


Ifw=8, 


n+1 


the  chance  =  f.' 
Safe  cliechfrom  one  rook. 


a 

h 

b 

b 

G 

'  c 

h 

C 

c 

If  the  rook  be  on  a  corner  square,  it  could  be  taken  by  a 
king  in  xiheck  on  two  squares,  and  so  on.  The  number  of  safe 
checks  by  a  rook  on  the  different  squares  is  given  by  the  fbl- 
lollowing  scheme':---'' 
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Number  of 
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Book  on 


Number  of 
safe  checks. 


a  2)1-4: 

b 2;i-5 

c  2/1-6 

The  chance 


Buch  positious 
of  tbe  xook. 

4 
4(71-2) 


■2y 


4(2;t-4)  +  4(n-2)(2n-5)  +  (n-2)-(2/i-6)  _  2(n-2) 


When  71=8, 


V-1) 


<n  +  l)' 


the  chance  =  ^. 


Simple  check  with  one  knight. 

The  nmiiber  of  squares  attacked  by  a  knight  placed  on  any 
square  of  a  chessboard  is  given  by  the  following  scheme  : — 


a 

b 

e 

c 

b 

c 

d. 

d 

.  c 

d 

e 

e 

c 

d 

e 

e 

Kriight  on 

a 
b 
c 
d 
e 


Number  of 
checks. 

2 
3 
4 
6 


Niunber  of 

such  positions 

of  knight, 

4 

8 
4(71-3) 
4(71-4) 

(71-4)2 


The  chance  of  check 

2.4  +  3.8  +  4.4(7i-3)  +  6.4(7i-4)  +  8(7i-4)^_  8(7i-^2) 
7i'V-l)  nHn +iy 

If  71=  8,^ 

chance  =  -j^. 

For  a  knight  all  checks  are  safe  checks. 

Simple  check  tcith  one  bishop. 
"We  will  at  first  assume  that  a  bishop  can  be  put  on  either  a 
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white  or  a  black  square.  Tlie  number  of  squares  attacked  by 
a  bishop  on  any  square  of  the  chessboard  is  given  by  the  fol- 
lowing scheme  : — 


a 

a 

a 

a 

a 

a 

b 

h 

h 

b 

a 

h 

c 

c 

a 

h 

c 

d 

■»T      V  .    i<  Number  of  such 

t,-  V  JN  umber  oi  v         ^ 

Bishop  on  ,     ,  positions  oi 

^^^^^^'  bishop. 

a  ?i — 1  4(n — 1' 

b  n+1  4(71-35 

c  71  +  3  4(7i— 5) 

d  71  +  5  4(n  — 7) 

If  71  be  even,  we  have  x  lines  of  this  scheme  all  obeying  the 

same  law  ;  if  ?t  be  odd,  we  have  — ^-  «ucli  lines,  and  another 

for  the  middle  square  of  the  board  for  '\^•hich  the  number  of 
checks  =2(?i— 1). 

Now  m  terms  of  the  series 

{n-l)(7i-l)  +  (n+l){n-S)  +  (n  +  d)(n-b)  +  &c. 
=  7i2_2n  +  l  +  n'-2«-1.3  +  ?i'-2n-3.5  +  &c. 

+  n--2n-(2w-3)(2m-l) 
=  wi(7t2-2;0  +  l-(1.3  +  3.5  +  5.7  +  ... 

+  (2;H-3)(2m-l) 
=„,(,,_2„)  ^^_(2».-3)(2».-l)(2,»  +  l)  +  3. 

Put  771=-,  then  the  numerator  of  the  chance-fraction 
=  4|^(7t2-2;0  +  l-K^-3)(n-l)(n  +  l)-i| 
=  |(«-l)(2n-l). 


n-1 


of  the  Pieces  in  Chess.  225 

Put  m=  ""     ^,  then  the  numerator  of  the  chance-fraction 

=:4|^(;r-2;0  +  l-^^^~^^^^~^^^^  -  i}  +20^-1) 


=  |X;.-l)(2u-l). 


The  chance,  therefore,  for  both  odd  and  even  values  of  n 
-3- 


2-^(n-l)(2n-l)      ^      2n-l 


nV-1)         ~3'n(?i+l)' 
If  n  =  8, 

the  chance  =  ^. 

If  the  bishop  be  restricted  to  squares  of  one  and  the  same  colour, 
white  or  black,  then  if  n  be  even  the  numerator  and  the  deno- 
minator of  the  chance-fraction  are  both  halved,  and  the  chance 
is  the  same  as  before.  If  n  be  odd,  we  have  two  cases  to  con- 
sider.    If  we  take  the  squares  of  the  same  colour  as  the  centre 

square,  the  numerator  of  the  chance-fraction  is  twice  — ^ — 

terms  of  the  series 

(71-  l)(n-l)  +  (n+  l)(;i-3)  +  {n  +  3)(n-5)  +  &c. 
increased  by  2(/i— 1), 

o 
If  we  take  the  squares  of  the  other  colour,  the  numerator  of 

the  chance-fraction  is  twice  the     ^     terms  of  the  above  series 

_(?i-l)(n+l)(2n-3) 
3 
Now,  when  a  bishop  occupies  one  square,  the  king  can  be 
placed  on  any  one  of  ?i'— 1  squares.     Therefore  the  chance  of 
check  when  the  bishop  is  restricted  to  squares  of  the  same 
colour  as  the  middle  one 

!izJ:(2n^-,,  +  3)^^   V2^^-,^  +  3 

When  the  bishop  is  restricted  to  squares  of  the  other  colour, 
the  chance  of  check 

(n-l)(?i+l)(2n-3) 

3  2    2n-3 


-"2— -O^'-l) 
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Safe  check  ivith  one  bishop. 

This  is  best  found  bv  finding  the  number  of  unsafe  checks. 
It  will  be  seen  that  if  the  bishop  be  on  a  corner  square,  there 
is  one  unsafe  check  ;  for  any  other  outside  square  there  are 
two  unsafe  checks  ;  and  for  any  other  square  there  are  four. 
The  Avhole  number  therefore  of  unsafe  checks 

=  4  +  4(n-2).2  +  (n-2y.4  =  4(n2-4n  +  4  +  2n-4  +  l) 
=  4(..-l)-^ 
Therefore  the  numerator  of  the  chance-fraction 

=  |'(/t-l)(2n-l)-4(n-l)'^  =  §(«-l)(n-2)(2n-3), 

and  the  chance  of  safe  check 

_  §(/i-l)(n-2)(2n-3)  _  2    (n-2)(27i-3) 
nV-1)  3*       nXn  +  1)       ' 

If  w=8, 

the  chance  =  ^^^. 

These  results  will  be  the  same  for  a  bishop  restricted  to  squares 
of  the  same  colour  on  a  board  of  an  even  number  of  squares. 

Simple  check  with  one  queen. 

The  queen  on  any  square  of  a  chessboard  checks  all  the 
squares  that  a  bishop  on  the  same  square  would,  as  well  as  all 
the  squares  that  a  rook  on  the  same  square  would.  The  nume- 
rator of  the  chance-fraction,  therefore,  Avill  be  the  sum  of  the 
numerators  for  the  cases  of  the  rook  and  the  unrestricted  bishop. 
The  chance,  therefore,  for  the  queen  is  the  sum  of  the  chances 
for  the  bishop  and  rook 

_2     2n-l  2      __     2       (2n-l)  +  3n_2     5n-l 


S'n(n  +  1)      n+1      n+1'  Sn  S'n(n  +  1) 

Ifn=8, 

the  chance  =^f. 

Safe  check  with  one  queen. 
The  number  of  unsafe  checks  with  one  queen  is  seen  thus  : 
if  the  queen  be  on  a  corner  square,  there  are  3  unsafe  checks, 
if  on  any  other  outside  square  there  are  5,  and  if  on  any  other 
square  there  are  8  unsafe  checks.  The  total  number  of  unsafe 
checks,  therefore,  is 

4.3  +  4(n-2).5  +  (n-2)2.  8  =  4(n-l)(2n-l). 
The  numerator  of  the  chance-fraction,  therefore,  is 

§n(n-l)(2/i-l)  +  n2.2(«-l)-4(2/i-l)(n-l) 
_2(n-l)(5n-3)(n-2) 
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Therefore  the  chance 

^  §(n-2)(n-l)(5n-.3)  ^  2  (n-2)(5n-3) 

n-"(/r-l)  3       n'^n+l) 

lfn=8,  the  chance  =^^^. 

Simple  check  with  tico  bishops. 
We  will  assume  that  n  is  an  even  number,  and  that  one 
bishop  (A)  is  restricted  to  white  squares,  and  the  other  (B)  to 
black  squares.  The  number  of  squares  checked  by  the  two 
bishops  for  all  different  positions  of  B  when  A  is  on  a  parti- 
cular square  is  obtained  from  the  following  scheme  : — 


: 

i    ; 

r 

1 

1 

- 

;  i 

1 ;: 

■1^ 

liil 

•  1 

l!l  1      , 

""IIBI 

'ii;>iiM'!ii          1 

A  on  a  squaa-e  on  the  ('^—Ath  row  from  the  outside. 


Number  of 

Number  of 

Number  of  squares 

such  squares. 

Bon 

such  positions 
ofB. 

checked  by  A 
andB. 

2(2r-l) 

a 

2{n-l) 

Sn-2r-2 

b 

2(n-3) 

Sn-2r 

c 

2(n-5) 

Sn-2r  +  2 

d 

2(n-7) 

Sn-2r  +  4. 

The  total  number  of  checks  for  all  positions  of  B  while  A 
remains  fixed 

=  2(w-l)(3n-2r-2)  +  2(n-3)(3n-2r) 

+  2(n-5)(3n-2r  +  2)  +  2(n-7)(3n-2r  +  4)  +  &c.  to 

X  terms, 

=  2(n-l)((2n-2r-3)  +  n  +  l) 

+  2(n-3)((2n-2r-3)  +  7i  +  3) 

ft 

+  2(n— 5)((2/i  — 2r— 3)  +  n  +  5)+&c.  to  ^  terms, 
=  2.f.(2.-2.-3)  +  2g..^-^--L).) 


=  -rn-+l{10n''-9n  +  2). 


R2 


228  On  the  Relative  Values  of  the  Pieces  in  Chess. 

This  result  must  be  multiplied  by  2(2r— 1),  the  number  of  the 
positions  of  A  on  the  given  row,  and  the  product  summed  for 

values  of  r  between  1  and  5.     The  numerator  of  the  chance- 

fraction,  therefore, 

=  ^rJx  (4r-2)(^-rw2+-V /.  j 

=  -4n2.:^r2+||^(10;i2-9n  +  2)  +  2n42r-|-|(10n2-9n  +  2) 


2(2+l>+l)      2(-2+V^2n 


=  -in\:^-^ TT + 


(^{l0n^-^n  +  2)  +  2iA 


2 

-^(10n2_9n  +  2) 

The  chance,  therefore, 

^(4n2--6n  +  2) 


11      J 
71^    inr 


Ifn=8, 


^4    (n-)(2n-l) 
3 '      n(7i2-2)     • 

the  chance  =li^^. 


Simple  check  from  tivo  rooks. 

We  will  call  the  rooks  A  and  B.  A  can  be  placed  on  t? 
squares,  B  on  ti?  —  !  squares  for  each  position  of  A,  and  the 
king  on  7z^  — 2  squares  for  each  position  of  A  and  B.  If  A 
and  B  defend  each  other,  they  check  altogether  3n— 4  squares, 
and  there  are  2n  — 2  squares  on  which  B  will  defend  A  on  a 
given  square.  If  B  does  not  defend  A,  they  check  4n— 6 
squares,  and  there  are  {n—Vf  squares  on  which  B  will  not  de- 
fend A  on  a  given  square.     The  chance  of  the  king  being  in 

_  n\^n-4.){2n-T)-^n\An-Q){n-iy  _2(2n^-2n-l) 

~  nV-l)(^'-2)  ~(n  +  l)(n2-2)* 

Ifn=8, 

the  chance  =|f. 
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Chance  of  the  king  being  in  check. 


Knight 

Bishop  

Rook 

Queen    

Two  bishops. 

Two  rooks... 


We  may  conclude  by  remarking  that  the  relative  values  of 
the  knight,  bishop,  rook,  and  queen  are,  according  as  we  mea- 
sure them  by  the  chance  of  simple  check  or  of  safe  check,  on 
the  ordinary  chessboard  in  the  ratio  of  3,  5,  8,  13,  or  12,  13, 
24,  37  respectively  ;  while  the  values  of  the  pieces  in  the 
same  order,  as  given  by  Staunton  in  the  '  Chess-Player's 
Handbook,'  are  3-05,  3-50,  5-48,  and  9-94,  the  value  of  the 
paAATi  being  taken  as  unity. 

N.B. — The  value  of  a  pawn  depends  so  much  on  the  fact 
that  it  is  possible  to  convert  it  into  a  queen,  that  this  method 
does  not  appear  applicable  to  it. 


For  chessboards  of 

n^  squares  (w  even). 

A 

For  ordinaiy 

chessboard 

of  G4  squares. 

A 

Simple. 

8(n-2) 

7v{n  +  l) 

2  2n-l 

3  n{n+l) 

2 
n  +  1 

2  5n-l 

3  7i{n  +  l) 

4    (n-l)(2;i-l) 

Safe. 
8(n-2) 
n\n  +  l) 
2    (n-2)(27i-3) 

Simple. 
1 

12 
5 

36 
2 
9 

13 
36 
35 
124 
37 
93 

Safe. 
1 

12 
13 

3          n%n  +  l) 

2(n-2) 

n(n  +  l) 
2    (n-2)(5n-3) 

144 

1 

6 
37 

3          n\n+l) 

144 

3            /l(7l2_2) 

2(2n2-2n-l) 
(n  +  l)(n'^-2) 

XXVIII.   On  a  neio  Form  of  Wave-apparatus  suitable  for  the 
Lecture-room.     By  C.  J.  Woodward,  B.Sc* 

THE  apparatus  about  to  be  described  illustrates  the  motion 
of  the  air-particles  when  a  sound-wave  is  propagated, 
and  also  the  motion  of  the  aether  molecules  in  a  wave  of  plane- 
polarized  light. 

Wave  motion  consists  in  the  repetition  by  a  number  of  par- 
ticles of  some  prescribed  motion  which  is  given  to  the  first  of 
the  particles  and  taken  up  successively  by  the  others,  a  certain 

*  Communicated  by  the  Physical  Society. 
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interval  elapsing  between  the  successive  motions.  If,  for  ex- 
ample, we  have  a  number  of  pendulums  of  equal  length  hang- 
ing from  a  beam,  but  their  lower  ends  supported  so  that  they 
are  out  of  the  vertical,  we  shall  find  on  releasing  one  of  them, 
say  the  left-hand  end  one,  it  will  commence  swinging  to  and 
fro  ;  by  the  time  the  first  pendulum  has  gone  over  one  fourth 
of  its  path  release  the  second,  and  then  after  equal  intervals 
the  third,  fourth,  &c.,  and  a  wave  motion  will  be  produced.  If 
each  pendulum  was  drawn  aside  in  a  line  at  right  angles  to  the 
beam  from  Avhich  they  are  suspended,  a  wave  corresponding  to 
a  ray  of  polarized  light  will  be  produced  ;  but  if  each  had 
been  drawn  aside  in  the  same  plane  as  that  of  the  beam,  a 
wave  corresponding  to  that  of  a  ray  of  sound  would  be  obtained. 
We  require,  then,  in  order  to  illustrate  these  waves,  merely  a 
row  of  pendulums  and  some  arrangement  for  releasing  them 
in  succession. 

The  apparatus  I  have  used  is  represented  in  the  figure.    A,  A 


Plane  wave  produced  by  placing  the  pendulums  in  the'compartments 
of  the  box  C  and  releasing  them  in  succession  by  lowering  the  box.  In 
the  figure  the  last  ball  is  about  leaving  the  box. 


Notices  respecting  New  Books.  231 

are  two  uprights  about  10  feet  high,  with  a  crosspiece  B  fast- 
ened firmly  to  them.  At  intervals  of  3  inches  along  this  cross- 
piece  are  inserted  violin-pegs,  each  peg  carrying  a  light  string 
with  a  heavy  ball  of  1  inch  diameter  attached.  Before  fastening 
the  strings  to  the  violin-pegs,  each  string  is  passed  through  a 
small  hole  in  the  projecting  base  of  the  crosspiece,  so  that  the 
length  of  the  pendulum  is  determined  by  the  distance  of  the 
ball  from  the  base  of  the  crosspiece.  C  is  a  light  wooden  ])ox 
deeper  at  one  end  than  at  the  other,  with  a  number  of  compart- 
ments corresponding  to  the  number  of  pendulums.  The  box 
C  is  attached  at  the  ends  to  two  radial  arms,  one  of  which,  D, 
is  seen  in  the  figure.  Cords  are  also  attached  to  C  running 
over  pulleys,  by  which  the  box  C  may  be  raised  and  lowered. 
These  cords  would  confuse  the  figure  if  introduced  ;  and  their 
action  can  be  easily  realized. 

Suppose  it  be  wished  to  illustrate  a  plane  wave.  The  box 
C  is  raised,  and  the  pedulums  are  placed  one  in  each  compart- 
ment so  that  they  are  all  drawn  on  one  side.  By  means  of  the 
cords  the  box  C  is  gently  lowered,  when  the  pendulums  are 
successively  released  and  the  wave  formed. 

To  illustrate  the  sound-wave,  the  box  C  is  removed  from  the 
radial  arms  and  is  hung  vertically  underneath  the  crosspiece 
B  ;  one  or  two  of  the  pendulums  (to  the  left,  say)  are  removed, 
and  the  others  placed  in  the  compartments  as  before  ;  only  now 
each  pendulum,  instead  of  being  drawn  from  under  the  cross- 
piece,  lies  still  underneath,  but  to  the  left  of  the  vertical  line  let 
fall  from  each  point  of  support.  On  now  allowing  the  box  to 
fall  slowly,  the  pendulums  are  released  successively  and  a  wave 
of  condensation  and  rarefaction  is  formed. 

In  conclusion  I  should  acknowledge  the  assistance  of  Mr.  H. 
F.  Marshall,  of  Birmingham,  who  has  rendered  great  service  in 
simplifying  the  mechanical  arrangements  of  the  apparatus. 

Birmingham  and  Midland  Institute, 
January  1876, 
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Theorie  des  Formes  Binaires  par  le  Chev.  F.  FaA  de  Beuno,  Docteur 
is  Sciences  de  V  Universite  de  Paris,  Professeur  a   V  Universite  de 
Turin.     Turin  :  Libraire  Brero,  1876  (8vo,  pp.  320,  with  Appen- 
dices). 
T^HIS  work  contains  the  substance  of  the  author's  lectures  deli- 
-*-      vered  at  the  University  of  Turin,   and   is   designed   to  put 
within  the  reach  of  students  a  knowledge  of  the  Modem  Higher 
Algebra,  or  the  Algebra  of  Linear  Transformations.     It  has  so  far 
the  same  aim  as  Dr.  Salmon's  '  Lessons  introductorv  to  the  Modern 
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Higher  Algebra ;"  the  work  before  us,  however,  discusses  the  pro- 
perties of  binary  forms  only,  i.  e.  the  properties  of  homogeneous 
functions  of  two  variables  x  and  _y,  and  does  not  enter  upon  the 
more  general  question  of  functions  of  three  or  more  variables. 
After  four  preliminary  chapters  on  the  Symmetrical  Functions  of 
the  Eoots  of  Equations,  on  Eesultants  {i,  e.  Eliminants,  the  result 
of  eliminating  x  between  two  equations),  on  Discriminants,  and 
on  Canonical  Forms,  the  author  discusses  the  properties  of  Inva- 
riants and  Covariants,  which  are  the  main  subject  of  his  work.  If 
we  take  the  form 

ay-\-2a^xy-\-a.,y\ (1) 

and  subject  it  to  linear  transformation  by  substituting  pX-j-g'T 
for  X,  andp'X-l-^'Y  for  y,  it  becomes 

A„X'  +  2AjXY+A,T2; 

we  shall  now  find  that 

so  that  the  function  a^a^ — a^  of  the  coefficients  of  (1)  undergoes 
no  change  in  the  transformation  beyond  being  multiplied  by  the 
square  of  the  determinant  of  the  transformation,  viz.  {jjq'—p'qY; 
consequently  the  function  a^a^ — a^  of  the  coefficients  of  (1)  is 
called  an  invai'iant  of  that  form.  If  we  take  cubic,  quartic,  or 
other  forms,  functions  of  their  coefficients  can  be  found  which  have 
the  same  property  of  invariancy. 

When  forms  of  higher  degrees  than  the  third  are  considered,  it 
is  found  that  they  have  several  invariants,  which  in  terms  of  the 
coefficients  of  the  form  are  long  expressions.  In  fact  the  invariant 
(0)  of  the  rth  degree  of  a  binary  form  of  the  nth.  degree  can  be  ex- 
pressed as  the  sum  of  all  products  of  powers  of  the  coefficients  such 
as 

V_-«o    «i     ...  «„   , 

where 

and 

m^-^rm^^  .,.-\-mn  =  r: 

the  indices  and  suffixes  must  be  taken  to  satisfy  these  equations  in 
every  possible  way  ;  and  then  the  constants  (C)  can  be  determined 
by  the  relation 

It  is  plain  from  this  statement  that,  if  r  and  n  are  moderately 
large  numbers,  the  invariant  will  consist  of  a  large  number  of 
terms.  Thus  in  the  case  of  the  quintic  form  (>i  =  5)  the  invariant 
of  the  fourth  degree  (v'=4)  consists  of  the  sum  of  twelve  terms, 
while  the  invariant  of  the  18th  degree  (w=5,  r=18)  consists  of  848 
terms. 

It  may  be  inferred  from  this  that  the  subject  branches  rapidly 
out  into  a  variety  of  complicated  developments.     Thus  we  see  that 
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by  ginng  different  values  to  r  different  invariants  can  be  obtained 
for  a  given  form  ;  and  then  the  questions  arise,  are  they  indepen- 
dent of  each  other  ?  if  not,  which  are  the  fundamental  invariants, 
and  in  what  way  are  the  others  derived  from  them  ?  E.  y.  in  the 
case  of  the  quintic  form  (>i=5)  there  are  four  fundamental  inva- 
riants, from  \^•hich  the  others  can  be  deduced  by  a  comparatively 
simple  process  ;  the  four,  however,  are  not  independent  of  each 
other,  for  it  is  found  that  the  square  of  the  invariant  of  the  18th 
degree  can  be  expressed  in  terms  of  those  of  the  4th,  8th,  and 
12th  degrees. 

An  enormous  extension  of  the  subject  is  due  to  the  fact  that 
when  a  form  (0)  is  given,  it  is  possible  to  assign  a  second  form  (\|/) 
whose  coefficients  are  connected  with  those  of  the  given  form  in 
such  a  manner  that,  when  both  undergo  linear  transformation,  the 
same  relation  exists  between  the  coefficients  of  the  transformed 
functions  as  betx^een  the  coefficients  of  the  functions  in  their  ori- 
guial  shape  ;  ^  and  »//  are  called  covariants.  In  the  work  before 
us  the  subject  of  Covariants  occupies  more  than  t\\ice  the  space  de- 
voted to  Invariants,  though  the  limitation  to  Binary  forms  is 
strictly  observed. 

It  is  this  limitation  which  will  render  the  work  of  great  value  to 
students,  as  it  enables  the  author  to  give  a  complete  exposition  of 
the  elements  of  the  subject.  To  use  his  own  words  : — "  There  is 
nothing  better  for  the  studious  reader  who  -wishes  to  make  progi*ess 
than  to  have  recourse  to  the  origiual  memoirs  themselves ;  and  this 
he  will  be  able  to  do  with  safety  and  advantage  when  he  has 
thoroughly  learned  all  that  I  have  expounded  ui  the  present  work  " 
(p.  vi) .  Within  the  assigned  limits  the  subject  is  worked  out  with 
great  completeness:  thus,  not  only  are  the  properties  of  Sjonmetrieal 
functions  of  the  Eoots  of  Equations  demonstrated  and  the  means 
by  which  their  calculation  can  be  expedited  explained,  but  in  an 
Appendix  the  results  of  the  actual  calculation  up  to  the  eleventh 
degree  are  given.  In  a  second  Appendix  are  given  the  invariants 
of  forms  up  to  the  fifth  degree,  expressed  both  as  functions  of  the 
coefficients  and  as  functions  of  the  roots,  and  in  an  abridged  shape 
those  of  forms  of  the  sixth  degree.  In  the  same  Appendix  the 
covariants  are  given  of  forms  from  the  thii-d  up  to  the  sixth  degree. 
It  would  seem  that  M.  de  Bruno  has  performed  all  the  needful 
calculations  himself,  though  some  at  least  of  the  results  had  been 
published  without  his  being  aware  of  it  at  the  time  his  calculations 
were  made.  In  short  no  pains  have  been  spared  to  render  the  work 
as  complete  as  possible ;  and,  indeed,  it  appears  from  an  incidental 
remark  (p.  ^-i)  that  the  author  must  have  had  the  work  on  hand  for 
something  like  twenty  years. 

The  notation  employed  is  of  necessity  complicated;  and  this, 
while  it  makes  misprints  misleading  to  the  reader,  makes  them  also 
hard  to  avoid.  Though  the  book  is  printed  in  a  good  type  and  has 
altogether  a  good  appearance,  we  cannot  help  fearing  that  a  minute 
examination  would  yield  a  large  crop  of  errata ;  at  all  events  we 
ha"\e  come  across  several  which  are  not  noticed  in  the  list  at  the 
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end  of  the  volume ;  on  pp.  52, 53  there  are  certainly  five  misprints, 
as  well  as  one  or  two  other  points  that  apparently  need  alteration. 
M.  de  Bruno  in  many  places  gives  notices  of  the  history  of  the 
subject;  and  this  renders  a  mistake  in  the  very  first  page  of 
the  Preface  matter  for  regret.  The  passage  runs  as  follows  : — 
"  La  Theorie  des  Invariants ....  doit  son  origine  a  un  excellent 
memoire  de  Boole  sur  les  Transformations  bneaires  insere  dans  le 
Cambridge  and  Dublin  Mathematical  Journal,  1847."  The  article 
in  question  consists  of  two  parts,  both  in  the  third  volume  of  the 
'  Cambridge  Mathematical  Journal ;'  and  the  first  part  was  pub- 
lished in  November  1841.  The  '  Cambridge  and  Dublin  Journal ' 
was  a  second  series  of  the  Cambridge  Journal.  There  were  four 
volumes  of  the  latter  published.  The  twofold  mistake  in  the  date 
and  the  name  of  the  Journal  has  the  effect  of  quite  misrepresenting 
the  history  of  the  origin  of  the  subject,  though  it  can  only  be  due 
to  an  oversight,  as  the  means  of  correcting  it  are  to  be  found 
within  the  volume  itself. 
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March  11,  1875. — Joseph  Dalton  Hooker,  C.B.,  President,  in 
the  Chair. 

'T'HE  following  paper  was  read  : — 

"  On  the  Absorption -Spectra  of  Metals  volatilized  by  the 
Oxyhydrogen  Flame."  By  J.  Norman  Lockyer,  F.E.S.,  and  W. 
Chandler  Eoberts,  Chemist  of  the  Mint. 

The  researches  which  have  recently  been  published  on  the  ab- 
sorption-spectra of  various  metals,  first  by  Eoscoe  and  Schuster 
and  subsequently  by  one  of  us  *,  establish  beyond  all  question  the 
facts  that— 

I.  In  addition  to  the  well-known  line-spectra,  channelled-space 
spectra  are  produced  by  the  vapours  of  certain  metals  ;  and, 

II.  Such  spectra  are  produced  by  vapours  which  are  competent 
to  give  at  other  times,  not  only  line-spectra,  but  continuous  spectra 
in  the  blue,  or  blue  and  red. 

As  the  temperature  employed  for  the  volatilization  of  the  metals 
in  the  experiments  to  which  we  have  referred  did  not  exceed  bright 
redness,  or  that  at  which  cast  iron  readily  melts,  the  range  of  metals 
examined  was  necessarily  limited.  We  have  therefore  considered  it 
desirable  to  extend  these  observations  to  the  less  fusible  metals, 
as  well  as  to  ascertain  whether  the  spectra  of  those  which  were 
volatilized  at  the  lower  temperature  would  be  modified  by  the  ap- 
plication of  a  greater  degree  of  heat.  For  this  purpose  we  have  em- 
ployed the  flame  of  an  oxyhydrogen  blowpipe.     This  instrument 

*  Proc.  Roy.  Soc.  vol.  xxii.  pp.  362  and  ,'371  respectively. 
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devised  by  Sainte-Claire  Deville  and  Debray*,  renders  it  possible 
to  attain  high  temperatures  with  great  facility,  and  Stas  has  already 
employed  their  method  in  the  distillation  of  silverf.  The  lime  still 
arranged  by  him  has  been  modified  in  that  about  to  be  described, 
in  order  that  the  metallic  vapour  might  be  conducted  into  a  lime 
tube  or  tunnel  heated  to  whiteness,  so  placed  that  a  beam  from  an 
electric  lamp  couid  readily  traverse  it. 

Description  of  tlie  Apparatus  and  method  of  Manipulation. 

The  apparatus  employed  is  shown  in  the  figure,  in  which  A 
is  the  block  of  lime  t  divided  horizontally  by  a  plane  through  the 
axis  of  the  tube  (B  B'),  this  tube  being  IG  centims.  long  and  30 
millims.  diameter.  The  receptacle  (C)  communicates  with  the 
centre  of  B  B'  and  is  open  at  the  upper  surface  of  the  lime  block, 
in  order  to  admit  of  the  introduction  of  the  oxyhydrogen  blowpipe 
(D),  which  is  provided  with  a  thick  nozzle  of  platiuum  20  millims. 
in  diameter.  The  ends  of  the  tunnel  in  the  lime  were  closed  by 
glass  plates  held  on  by  a  suitable  clip.  Small  lateral  orifices  were 
cut  in  the  Hme  for  the  insertion  of  tobacco-pipe  stems,  through 
which  a  stream  of  hydrogen  could  be  passed  into  the  tube  and 
receptacle. 

An    electric  lamp  (F),   in  connexion  with  a  30-cell   Bunsen's 


*  Ann.  de  Chimie  et  de  Physiqup,  toni.  Ivi.  p.  413. 

t  Stas,  '  Sur  les  lois  des  proportions  Chimiques,'  p.  5(5. 

X  We  are  indebted  to  the  well-known  metallurgist,  Mr.  J.  S.  Sellon,  of  the 
firm  of  Johnson  and  Matthey,  for  a  pure  variety  of  limestone  from  which  the 
blocks  were  prepared,  and  it  answered  its  purpose  admirably. 
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battery,  was  placed  opposite  one  end  of  the  tube,  and  a  spectro- 
scope (Gr)  opposite  the  other.  This  last  instrument  was  by  Desaga, 
of  Heidelberg,  and  its  single  prism,  the  angle  of  which  was  Q(f^ 
was  capable  of  distinctly  separating  the  D  lines,  at  the  same  time 
that  it  enabled  us  to  see  the  whole  spectrum  in  a  single  field  of 
view,  an  essential  point  in  such  inquiries.  The  magnifying-power 
of  the  telescope  was  7*5  linear. 

Some  preliminary  experiments  indicated  the  advisability  of  in- 
creasing the  length  of  the  column  of  vapour.  To  effect  this,  a  tube 
30  centims.  long  was  made  in  a  fresh  block  of  lime,  the  cavity 
being  arranged  as  before;  in  each  end  a- short  accurately  fitting 
iron  tube,  luted  with  a  mixture  of  graphite  and  fireclay,  was  in- 
serted ;  and  the  total  length  of  the  column  thus  became  60  centims. 

The  lime  block  (C)  with  its  fittings  was  then  placed  in  the 
charcoal-furnace  (E),  by  means  of  which  the  whole  could  be  raised 
to  a  high  temperature.  As  soon  as  the  block  was  heated  to  bright 
redness,  the  metal,  the  vapoiu'  of  which  was  to  be  examined,  was 
introduced  into  the  cavity  (C),  and  the  flame  of  the  oxyhydrogen 
blowpipe  (D)  was  allowed  to  play  on  its  upper  sux'face,  care  being 
taken  to  employ  an  excess  of  hydrogen.  In  almost  every  case  the 
metal  experimented  on  was  rapidly  volatilized  (the  exceptions  being 
gold  and  palladium).  The  central  portion  of  the  lime  block  was 
raised  to  a  white  heat  by  the  action  of  the  blowpipe.  As  the  glass 
plates  rapidly  became  clouded  by  the  condensation  of  the  metallic 
vapours,  it  was  necessary  to  adopt  an  arrangement  by  which  they 
could  be  easily  replaced.  "We  may  state  that,  among  the  pre- 
cautions which  we  adopted  in  order  to  assure  ourselves  that  oxides 
were  not  present  to  disturb  the  accuracy  of  the  results,  one  of  the 
glass  plates  was  removed  at  the  conclusion  of  each  experiment, 
and  the  presence  of  an  excess  of  hydrogen  conclusively  proved  by 
igniting  it  at  the  open  end. 

We  were  enabled  at  any  time,  by  modifying  the  conditions  of  the 
gas-supply,  to  introduce  the  spectrum  of  the  oxyhydrogen  flame. 
It  may  further  be  stated  that,  with  few  exceptions,  the  metals  were 
pre^dously  melted  in  a  stream  of  hydrogen  and  enclosed,  until  ex- 
perimented on,  in  sealed  glass  tubes.  We  ascertained  that  the 
effect  of  oxides,  and  of  the  metallic  rain  due  to  condensation,  was 
to  produce  a  general  absorption  obviously  different  from  the  special 
effects  of  absorption  which  we  now  proceed  to  record. 

Details  of  the  Expeeimei^ts. 

Silver. — Fifty  grammes  of  pure  metal  were  placed  in  the  cavity 
(C) ;  and  this  amount  produced  a  continuous  supply  of  vapour  for 
about  10  minutes. 

With  the  smaller  thickness  given  by  the  first  lime  block,  and 
with  a  less  powerful  blast,  the  spectrum  of  silver  consisted  of  an 
absorption  in  the  blue  which  at  times  extended  almost  to  the  green. 

With  the  elongated  tube  and  a  stronger  blast  an  exquisite  chan- 
nelled-space  absorption  was  observed,  the  channels  being  far  enough 
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apart  to  render  them  very  conspicuous  in  the  field  of  view ;  at 
the  same  time  there  was  coutiuuous  absorption  in  the  blue.  It 
was  specially  observed  that  there  was  no  absorption  in  the  red. 

It  may  be  interesting  to  note  that  the  vapour  of  silver  when  con- 
densed into  fine  particles,  escaping  into  an  atmosphere  of  hydrogen, 
is  blue  by  reflected  light. 

Copper. — AVith  the  greatest  thickness  only  a  continuous  ab- 
sorption in  the  blue  could  be  obtained. 

Sodium. — Only  the  dark  D'  line  was  observed,  no  traces  of 
channelled-space  absorption  being  visible. 

Calcium. — "We  operated  upon  a  small  piece  of  metal  prepared 
by  the  late  Dr.  Matthiessen,  but  no  result  was  obtained. 

Aluminium. — When  the  temperature  was  so  high  that  the  spec- 
trum of  the  flame  was  Aisible,  an  absorption  was  suspected  in  the 
violet ;  and  the  appearance  did  not  change  on  one  glass  end  being 
removed. 

Zinc. — Many  experiments  were  made  on  this  metal;  but  there 
are  several  points  connected  with  it  which  require  further  inves- 
tigation, and  we  therefore  reserve  our  remarks  on  the  spectriuu 
of  zinc  for  a  future  occasion. 

Cadmium. — Under  both  conditions  of  thickness  the  A'apour  of 
cadmium  gave,  in  the  blue  only,  an  absorption  which  was  very 
decided  ;  an  absorption  in  the  red  was  also  noticed  which  had  not 
been  observed  in  previous  experiments  when  a  low  temperature  was 
employed. 

Manganese. — A  small  quantity  of  this  metal  was  prepared  with 
great  care  by  Mr.  Bayly,  one  of  the  assistant  assayers,  and  it  gave 
a  distinct  absorption  in  the  red  and  blue,  with  evidences  of  a 
channelled-space  spectrum.  In  a  repetition  of  the  experiment  a 
more  distinct  channelled-space  spectrum  was  observed. 

Iron. — The  metal  employed  had  been  obtained  by  electro-depo- 
sition in  the  manner  suggested  by  Mr.  Jacobi.  Its  vapour  gave  a 
slight  continuous  absorption  in  the  blue. 

Cobalt  also  gave  a  slight  continuous  absorption  in  the  blue,  but 
less  than  in  the  case  of  iron. 

NicTcel. — This  metal  behaved  in  the  same  manner  as  cobalt,  the 
absorption  being  about  equal  in  amount. 

Chromium. — The  amount  of  metal  volatilized  was  very  small,  but 
a  fine  channelled-space  spectrum  w^as  observed. 

Tin. — This  metal  caused  a  considerable  absorption  in  the  blue, 
but  less  in  the  red,  no  traces  of  a  channelled-space  spectrum  being 
visible. 

Antimony. — In  results  already  published  it  is  stated  that  at  the 
low  temperature  antimony  gives  a  channelled-space  spectrum.  In 
the  present  experiments  we  observed  merely  absorption  in  the  blue ; 
and  this  is  the  only  case  in  a\  hich  the  effects  at  a  high  temperature 
were  inferior  to  those  at  a  low  temperature.  As  the  purity  of  the 
metal  first  employed  may  be  doubted,  little  reliance  can  be  placed 
on  these  exceptional  results. 

Bismuth. — AVith  the  greatest  thickness  the  absorption  of  bismuth 
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is  strikingly  similar  to  that  of  iodine  at  a  dull  red  heat.  "We  have 
first  a  bank  of  continuous  absorption  in  the  blue  with  a  sharp 
boundary  on  the  less  refrangible  side,  and  then  a  channelled-space 
absorption  throughout  the  entire  green  part  of  the  spectrum  reach- 
ing to  D. 

Lead. — This  metal  at  first  caused  an  absorption  at  both  ends  of 
the  spectrum ;  shortly  afterwards  the  whole  spectrum  was  extin- 
guished. As  this  is  a  readily  oxidizable  metal,  special  care  was 
taken  to  prove  that  a  large  excess  of  hj^drogen  was  present. 

Thallium. — We  are  indebted  to  Mr.  Crookes  for  a  generous 
supply  of  this  metal.  The  characteristic  green  line  of  thallium  was 
observed  brir/ht,  the  light  of  the  arc  not  being  reversed  ;  and  it  may 
be  interesting  to  note  that  the  vapour  of  this  metal  was  incan- 
descent five  minutes  after  the  withdrawal  of  the  flame. 

Gold. — A  distinct  absorption  in  the  blue  and  red  was  observed, 
but  there  were  certainly  no  traces  of  a  channelled-space  spectrum. 
The  spectral  lines  due  to  the  oxyh3'^drogen  flame  were  very  con- 
spicuous. It  may  be  noted  that  the  amount  of  gold  volatilized  was 
only  0*01  oz. ;  but  this  quantity  of  metal  was  suflicient  to  produce 
an  abundant  supply  of  vapour. 

Palladium. — This  metal  caused  a  distinct  absorption  in  the  blue, 
but  no  effect  was  noticed  at  the  red  end  of  the  spectrum.  There 
was  no  channelled-space  spectrum,  and  the  lines  caused  by  the 
oxyhydrogen  flame  were  barely  visible. 

Selenium. — With  the  greatest  thickness  employed  a  channelled- 
space  spectrum  was  given  by  selenium. 

Iodine. — It  will  be  remembered  that,  according  to  the  results 
already  published  by  one  of  us,  iodine  vapour  exhibits,  at  a  low  tem- 
perature, a  channelled-space  spectrum,  and  a  bank  of  absorption 
in  the  violet.  These  later  experiments  showed  that,  at  the  more 
elevated  temperature,  this  bank  was  broken  up  and  disappeared, 
leaving  a  continuous  channelled-space  spectrum. 

These  experiments,  made  at  the  Royal  Mint,  were  often  prolonged 
for  many  hours  consecutively.  They  involved  much  furnace-work 
of  a  peculiarly  trying  nature  ;  and  we  have  much  pleasure  in 
acknowledging  the  assistance  we  received  from  Mr.  Edward  Rigg, 
one  of  the  assistant  assayers,  who  conducted  many  of  the  tedious 
manipulations  with  great  skill  and  patience.  We  should  also 
mention  that  the  care  exercised  by  Joseph  Groves,  senior  fireman, 
in  the  preparation  of  the  furnace  and  the  Ume-moulds,  contributed 
in  no  small  measure  to  the  success  of  the  experiments. 

It  appears  to  us  that  these  experiments,  conducted  at  the  high 
temperature  of  the  oxyhydrogen  flame,  go  far  to  support  the  con- 
clusions which  were  drawn  from  the  experiments  at  a  lower  tempe- 
rature. First,  in  passing  from  the  liquid  to  the  most  perfect  gaseous 
state,  vapours  are  composed  of  molecules  of  different  orders  of 
complexity ;  and  second,  this  complexity  is  diminished  by  the 
dissociating  action  of  heat,  each  molecular  simplification  being 
marked  by  a  distinctive  spectrum.  There  is  also  an  intimate  con- 
nexion between  the  facility  with  which  the  final  stage  is  reached. 
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the  group  to  which  the  element  belongs,  and  the  place  which  it 
occupies  in  the  solar  atmosphere. 

April  8. — Joseph  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

The  following  paper  was  read : — 

"  Experiments  to  ascertain  the  Cause  of  Stratification  in  Elec- 
trical Discharges  in  vacuo."  By  Warren  De  La  Rue,  Hugo  W. 
Miiller,  and  William  Spottiswoode. 

Some  results  obtained  in  working  with  a  chloride-of-silver  battery 
of  1080  cells  in  connexion  with  vacuum-tubes  appear  to  be  of 
sufficient  interest  to  induce  us  to  communicate  them  to  the  Society, 
in  anticipation  of  the  more  detailed  account  of  an  investigation 
which  is  now  being  prosecuted,  and  which  it  is  intended  to  con- 
tinue, shortly,  vAth.  a  battery  of  5000  cells,  and  possibly  with  a  far 
greater  number. 

The  battery  used  up  till  now  consists  of  1080  cells,  each  being 
formed  of  a  glass  tube  6  inches  (15'23  centims.)  long  and  |  of  an 
inch  (1*9  centim.)  internal  diameter;  these  are  closed  with  a  vulca- 
nized rubber  stopper  (cork),  perforated  eccentrically  to  permit  the 
insertion  of  a  zinc  rod,  carefully  amalgamated,  -f-^  (0-48  centim.)  of 
an  inch  in  diameter  and  4*5  inches  (11"43  centims.)  long.  The  other 
element  consists  of  a  flattened  silver  wire  passing  by  the  side  of 
the  cork  to  the  bottom  of  the  tube  and  covered,  at  the  upper  part 
above  the  chloride  of  silver  and  until  it  passes  the  stopper,  with 
thin  sheet  gutta  percha  for  insulation,  and  to  protect  it  from  the 
action  of  the  sulphur  in  the  vulcanized  corks ;  these  wires  are  ^ 
of  an  inch  (0-16  centim.)  broad  and  8  inches  (20'32  centims.)  long. 
In  the  bottom  of  the  tube  is  placed  225"25  grains  (14*59  grms.) 
chloride  of  silver  in  powder ;  this  constitutes  the  electrolyte :  above 
the  chloride  of  silver  is  poured  a  solution  of  common  salt  containing 
25  grammes  chloride  of  sodium  to  1  litre  (1752  grains  to  1  gallon) 
of  water,  to  within  about  1  inch  (2*54  centims.)  of  the  cork. 
The  connexion  between  adjoining  cells  is  made  by  passing  a  short 
piece  of  india-rubber  tube  over  the  zinc  rod  of  one  cell,  and  drawing 
the  silver  wire  of  the  next  cell  through  it  so  as  to  press  against 
the  zinc.  The  closing  of  the  cells  by  means  of  a  cork  prevents  the 
evaporation  of  water,  and  not  only  avoids  this  serious  inconveni- 
ence, but  also  contributes  to  the  effecti^'eness  of  the  insulation. 
The  tubes  are  grouped  in  twenties  in  a  sort  of  test-tube  rack, 
having  four  short  ebonite  feet,  and  the  whole  placed  in  a  cabinet 
2  ft.  7  in.  (78-74  centims.)  high,  2  ft.  7 in.  wide,  and  2  ft.  7  in.  deep, 
the  top  being  covered  with  ebonite  to  facilitate  working  with  the 
apparatus,  which  is  thus  placed  on  it  as  an  insulated  table. 

The  electromotive  force  of  the  battery,  as  compared  with  a 
Daniell's  (gravity)  battery,  was  found  to  be  as  1-03  to  1*,  its  in- 
ternal resistance  70  ohms  per  cell,  and  it  evolved  0*214  cub.  centim. 
(0-0131  cub.  inches)  mixed  gas  per  minute  when  passed  through  a 
mixture  of  1  volume  of  sulphuric  acid  and  8  volumes  of  water  in  a 

*  Compared  with  a  Daniell's  battery,  in  which  the  zinc  is  immersed  in  dilute 
sulphuric  acid  in  a  porous  cell,  its  electromotive  force  is  about  3  per  cent,  less 
than  the  Daniell. 
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voltameter  having  a  resistance  of  11  ohms.  The  striking-distance 
of  1080  elements  between  copper  wire  terminals,  one  turned  to  a 
point,  the  other  to  a  flat  surface,  in  air  is  -g^^  inch  (0-096  millim.) 
to  -^  inch  (0*1  millim.).  The  greatest  distance  through  which 
the  battery-current  would  pass  continuously  in  vacuo  was  12  inches 
(30-48  centims.)  between  the  terminals  in  a  carbonic  acid  residual 
vacuimi.  This  battery  has  been  worldng  since  the  early  part  of 
November  1874,  with,  practically,  a  constant  electromotive  force. 

Besides  2000  more  cells  like  those  just  described,  we  are  putting 
together  2000  cells,  with  the  chloride  of  silver  in  the  form  of 
rods,  which  are  cast  on  the  flattened  silver  wires,  as  in  a  battery 
described  by  De  La  Rue  and  Miiller*,  but  in  other  respects 
similar  to  the  battery  above  described,  the  glass  tubes  being,  how- 
ever, somewhat  larger  in  diameter ;  the  rods  of  chloride  of  silver 
are  enclosed  in  tubes  open  at  the  top  and  bottom,  and  formed  of 
vegetable  parchment,  the  object  of  these  vegetable-parchment  cases 
being  to  prevent  contact  between  the  zinc  and  chloride-of-silver  rods. 
The  internal  resistance  of  batteries  so  constructed  is  only  from  2 
to  3  ohms  per  cell,  according  to  the  distance  of  the  zinc  and  chloride- 
of-silver  rods,  and  they  evolve  from  3  to  4*5  cub.  centims.  (0*18  to 
0-27  cub.  inch)  per  minute,  in  a  voltameter  having  a  resistance  of 
11  ohms.     Their  action  is  remarkably  constant. 

For  the  experiments  detailed  below,  vacuum-tubes  were  generally 
used  of  about  1|  to  2  inches  (3-8  to  5  centims.)  in  diameter,  and  from 
6  to8inche3  (15*24  to  20-32  centims.)  long ;  also  prolate  spheroidal 
vessels  6  inches  by  3  inches  (15-24  by  7-62  centims.).  The  termi- 
nals are  of  various  forms,  and  from  4  inches  to  6  inches  (10-16  to 
15-24  centims.)  apart,  and  made  of  aluminium  and  occasionally  of 
magnesium  and  of  palladium,  the  latter  showing  some  curious  phe- 
nomena with  a  hydrogen  residual  vacuum,  which  will  be  described 
in  a  future  paper.  A  tube  which  has  given  the  most  striking  results 
is  8  inches  (20-32  centims.)  long,  and  has  a  series  of  six  aluminium 
rings  varying  in  diameter  from  |  of  an  iach  to  about  1|  of  an  inch 
(0-95  to  3-17  centims.),  the  thickness  of  the  wire  being  about  -^ 
(0-16  centim.)  of  an  inch  ;  the  rings  are  a  little  more  than  1  inch 
(2-54  centims.)  apart;  and  connecting  wires  of  platinum  pass 
through  the  tube  from  each  ring  and  permit  of  the  length  and  other 
conditions  of  the  discharge  being  varied. 

At  times  the  terminals  of  the  battery  were  placed  in  connexion 
with  accumulators  of  different  kinds — for  instance,  two  spheres  of 
18  inches  (45-72  centims.)  in  diameter,  presenting  each  a  superficies 
of  7-07  square  feet  (65-68  square  decims.),  and  cylinders  of  paper 
covered  with  tinfoil,  each  having  a  surface  of  16  square  feet  (148-64 
square  decims.) ;  the  globe  and  cylinders  were  in  all  cases  carefully 
insulated.  Other  accumulators  were  composed  of  coils  of  two 
copper  wires  -^^  of  an  inch  (0-16  centim.)  in  diameter,  covered  with 
gutta  percha,  in  two  folds,  3^^  of  an  inch  (0-08  centim.)  thick. 
One  coil  contains  two  wires,  A  A'  and  B  B'  (fig.  1),  coiled  side  by 

*  Journal  of  the  Chem.  Soc,  2nd  series,  vol.  vi.  p.  488 ;  Comptes  Eendus, 
1886,  p.  794. 
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side,  eacli  beiug  174  yards  (159  metres)  long,  another  with  two 
wires  each  350  yards  (320  metres)  long ;  of  tlie  latter  we  have  two 
coils. 

Fig.  1. 


In  addition  to  these  accumulators  we  have  several  others  formed 
of  alternate  plates  of  tinfoil  and  insulating  material,  such  as  paper 
saturated  with  paraffine,  and  also  sheets  of  vulcanite.  These  are 
of  various  capacities  and  contain  from  5  to  several  hundred  square 
feet.  The  largest  has  a  capacity  of  47*5  microfarads ;  when  it  is 
discharged  it  gives  a  very  bright  short  spark,  accompanied  by  a 
loud  snap  ;  the  charge  deflagrates  8  inches  (20*32  centims.)  of 
platinum  wire,  -005  inch  (0*127  millim.)  in  diameter,  Avhen  it  is 
caused  to  passed  through  it.  Each  accumulator  gives  different 
results  ;  but  for  the  present  we  shall  confine  ourselves  to  a  descrip- 
tion of  the  experiments  made  with  the  coil-accumulators. 

When  the  terminals  of  the  battery  are  connected  \vith  the  wires 
of  a  vacuum-tube  which  permits  of  the  passage  of  the  current, 
the  wires  (especially  that  connected  with  the  zinc  end)  become  sur- 
rounded with  a  soft  nebulous  light,  in  which  several  concentric 
layers  of  different  degrees  of  brilliancy  are  seen ;  in  most  cases  there 
is  either  no  indication  of  stratifi(;ation,  or  only  a  feeble  ill-defined 
tendency  to  stratification  :  the  tubes  selected  for  these  experiments 
were  those  in  which  the  stratification  did  not  appear  at  all. 

When  the  battery,  already  in  connexion  with  the  vacuum-tube, 
was  also  joined,  as  in  fig.  2,  on  to  one  or  more  coil-condensers 
(coupled  to  introduce  a  greater  length  of  wire)  in  the  following 
manner,  then  immediately  well-defined  stratifications  appeared  in 
the  vacuum-tube. 

Fig.  2. 
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SZ  represents  thebattery,V  the  vacuum-tube,  C  the  coil-conden- 
ser; one  terminal  is  connected  with  the  end  A  of  the  ^vire  A  A',  and 
the  other  terminal  with  the  end  B  of  the  second  wire  B  B';  connexions 
are  also  led  to  the  \\ires  of  the  vacuum-tube.  The  ends  A'  and  B' 
are  left  free ;  and  it  is  clear  that  the  coil  forms  a  sort  of  Leyden 
jar  when  thus  used :  an  interval,  however  short  it  may  be,  must 
elapse  in  accumulating  a  charge  which  at  intervals  discharges  itself 
and  causes  a  greater  jloiu  in  the  vacuum-tube  in  addition  to  that 
which  passes  continuously.  It  may  be  stated  that  the  capacity  of  the 
accumulator  has  to  be  carefully  adjusted  to  prevent  any  cessation 
of  the  current,  to  avoid,  in  fact,  a  snapping  discharge  at  distant 
intervals.  The  periodic  overflows,  so  to  speak,  which  increase  the 
current  from  time  to  time,  would  seem  to  have  a  tendency  to  cause 
an  interference  of  the  current-waves,  and  to  produce  nodes  of 
greater  resistance  in  the  mediimi,  as  evixiced  by  the  stratification 
which  becomes  apparent.  To  the  eye  no  pulsation  in  the  current 
is  apparent ;  and  in  order  to  convince  ourselves  whether  or  not 
there  "nas  really  any  fluctuation  in  the  current  when  the  apparatus 
was  thus  coupled  up  "odth  the  battery,  we  made  several  experi- 
ments, and  ultimately  hit  upon  the  following  arrangement  (fig.  3): — 


The  primary  wire  p  p'  of  a  small  induction-coil,  both  with  and 
without  the  iron  core,  -was  introduced  into  the  circuit  as  well  as  the 
vacuum-tube  V ;  to  the  secondary  wire  s  s'  of  the  induction-coil  was 
connected  a  second  vacuum-tube,  Y^  Under  these  circumstances 
there  was  no  change  in  the  appearance  of  the  discharge  in  V, 
in  consequence  of  the  introduction  of  the  induction-coil,  the  termi- 
nals being  still  surrounded  by  the  soft  nebulous  light  before  spoken 
of  :  no  luminosity  appeared  in  the  second  Yacuum-tube  V^  in  con- 
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uexiou  with  tlie  secondary  wire  of  the  induction-coil,  except  on 
making  and  brealcing  the  connexion  \\ith  the  battery.  At  other 
times  there  was  endently  no  fluctuation  in  the  continuous  dis- 
charge, no  periodic  increase  or  diminution  of  flow,  and  conse- 
quently no  induced  current  in  the  secondary  wire  s  s'  of  _the  in- 
duction-coil. 

In  tlie  second  experiment  wires  were  also  led  from  the  terminals 
of  the  battery  (all  other  things  re'iaining  as  before)  to  the  coil- 
accumulator  as  in  fig.  4  ;  then  innnediately  the  discharge  in  V 
became  stratified  and  the  secondary  vacuum-tube  V^  lighted  up, 
clearly  sho^^ing  that  under  these  circumstances,  a  fluctuation  in  the 
discharge  really  occurs  on  the  appearance  of  stratification. 

The  brilliancy  of  the  discharge  in  V^  (the  induced  current  passes 
through  complicated  vacuum-tubes  through  which  the  primary 
current  cannot  pass)  depends  greatly  on  the  quality  and  quantity 
of  the  discharge  in  the  primary  vacuum-tube  A".  Under  some  cir- 
cumstances the  secondary  discharge  is  extremely  feeble,  and  the 
illumination  in  Y"  barely  visible ;  under  others  it  is  very  brilliant. 

Preparations  are  being  made  to  render  evident  induced  currents 
in  the  secondary  wire  of  the  coil  too  feeble  to  produce  any  illumina- 
tion. Pending  the  fiu'ther  development  of  our  investigation,  we 
have  ventured  to  give  an  account  of  our  progress  in  elucidating 
some  points  in  the  theory  of  the  vacuum-discharge,  without  any 
wish  to  ascribe  to  our  results  more  weight  than  they  deserve. 

Fig.  4. 
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Batteries  of  this  description  may  be  had  from  Messrs.  Tisley 
aud  Spiller,  Bromptoii  Road.  Their  cost,  in  large  numbers,  is 
about  one  shilling  per  cell,  exclusive  of  the  charge  of  chloride  of 
silver,  which  costs  about  two  shillings  per  cell.  The  latter,  either 
in  the  form  of  powder  or  of  rods  cast  upon  ilatteued  silver  wire, 
may  be  obtained  from  Messrs.  Johnson  and  Matthey,  Hatton 
Garden.  AVhen  the  battery  is  exhausted  the  reduced  silver  may  be 
readUy  reconverted  into  chloride,  with  scarcely  any  loss. 

April  22. — John  Evans,  Esq.,  Vice-President  in  the  Chair. 

The  following  Pa^^ers  were  read  : — 

"  On  the  Action  of  Heat  on  the  Absorption-Spectra  and  Chemi- 
cal Constitution  of  Saline  Solutions."  By  Walter  Noel  Hartley, 
E.C.S. 

The  effects  of  heat  on  absorjjtion-spectra  were  recorded  in  the 
preliminary  notice  of  this  paper,  published  in  the  '  Proceedings  of 
the  Eoyal  Society'  for  1874  (vol.  xxii.  p.  241). 

The  contents  of  the  present  communication  consist  of : — 1st,  his- 
torical notes  ;  2nd,  method  of  working  ;  3rd,  the  spectrum-measure- 
ments of  different  solutions  ;  4th,  conclusions  as  to  the  effect  of 
heat  on  coloured  liquids,  and  the  follo\ving  deductions  as  to  the 
constitution  of  salts  when  dissolved  in  water : — 

I.  When  a  simple  metallic  salt  is  dissolved  in  water,  it  is  not  de- 
composed in  such  a  way  that  an  oxide  and  an  acid  is  produced^  nor 
does  a  compound  of  the  metallic  oxide  Avith  the  acid  result. 

II.  When  a  metallic  salt  is  dissolved  in  Abater  to  form  a  saturated 
solution,  it  does  not  necessarily  attain  its  maximum  state  of  hydration. 

III.  When  a  simple  hydrated  metallic  salt  is  dissolved  in  water 
to  form  a  saturated  solution,  the  crj^stalhue  molecule  remains 
chemically  intact,  except  in  the  case  of  certain  compounds  which 
readily  part  with  their  water  of  crystallization,  when  dehydration 
takes  place  to  form  a  molecule  of  greater  stability  ;  or,  in  other 
words,  solution  facilitates  chemical  change  in  this  as  in  most  other 
cases. 

IV.  When  a  simple  salt  assumes  one  or  more  definite  states  of 
hydration  at  different  temperatures  below  100°  C,  the  hydrated 
compounds  A  and  B  will  be  successively  produced  in  the  liquid 
state  if  a  saturated  solution  of  the  original  salt  be  heated  to  100°' 
C. ;  or,  in  other  words,  the  chemical  constitution  of  the  hquid  is 
altered  so  that,  as  higher  temperatures  are  attained,  it  becomes  a 
solution  of  substance  A  or  of  substance  B,  at  intermediate  tem- 
peratures mixtures  of  these. 

V.  The  action  of  heat  on  the  violet  hydrated  compounds  of 
chromium  is  not  simply  a  dissociation  of  water-molecules  or  of  acid 
from  base,  but  a  true  decomposition,  resulting  in  the  production  of 
a  cUfferent  class  of  salts  with  different  generic  properties. 

Many  new  salts  were  prepared  for  this  work,  aud  others  were  ex- 
amined with  greater  care  than  had  previously  been  bestowed  on 
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them ;  from  these  substances,  indeed,  the  most  important  part  of 
the  results  were  derived. 

''On  Attraction  and  TJepulsion  resulting  from  Eadiatiou." — Part 
II,     By  ^Villiam  Crookes,  F.E.S.  &c. 

This  is  the  second  part  of  a  paper  which  the  author  sent  to  the 
-Royal  Society  in  August  1873.  The  author  commences  by  de- 
scribiug  improvements  which  he  has  made  in  the  Sprengel  pump, 
and  in  various  accessories  which  are  necessary  ^Ahen  working  at 
tlie  highest  rarefactions. 

Continuing  the  description  of  apparatus,  tlie  author  describes  dif- 
ferent new  forms  ^hich  enable  the  phenomena  of  repulsion  by  ra- 
diation to  be  observed  and  illustrated.  A  bidb  3  inches  in  diameter 
is  blo-mi  at  the  end  of  a  glass  tube  18  inches  long.  In  this  bulb  a 
fine  glass  stem,  with  a  sphere  or  disk  of  pith  &c.  at  each  cud,  is 
suspended  by  means  of  a  cocoon-fibre.  The  Avhole  is  attached  to 
the  Sprengel  pump  in  such  a  way  that  it  can  be  perfectly  exhausted 
and  then  thermetically  sealed.  Besides  pith,  the  terminals  may  be 
made  of  cork,  ivory,  metal,  or  other  substance.  During  exhaustion 
several  precautious  have  to  be  taken,  which  are  fully  entered  into 
in  the  paper.  To  get  the  greatest  delicacy  in  an  apparatus  of  this 
land,  there  is  requu'ed  large  surface  with  a  minimum  of  weight. 
An  apparatus  constructed  with  the  proper  precautions  is  so  sensi- 
tive to  heat,  that  a  touch  with  the  finger  on  a  part  of  the  globe 
near  one  extremity  of  the  pith  \\\\\  di'ive  the  index  round  over  90°, 
whilst  it  follows  a  piece  of  ice  as  a  needle  follows  a  magnet.  With 
a  large  bull),  very  well  exhausted  and  containing  a  suspended  bar  of 
pith,  a  some\^hat  striking  effect  is  produced  when  a  lighted  candle 
is  placed  about  2  inches  fi'om  the  globe.  The  pith  bar  commences  to 
oscillate  to  and  fro,  the  swing  gradually  inci'easing  in  amplitude 
until  the  dead  centre  is  passed  over,  when  several  complete 
revolutions  are  made.  The  torsion  of  the  suspending  fibre  now 
offers  resistance  to  the  revolutions,  and  the  bar  commences  to  turn 
in  the  opposite  dii'ectiou.  This  movement  is  kept  up  with  great 
energy  and  regularity  as  long  as  the  candle  burns. 

The  author  discusses  the  action  of  ice,  or  a  cold  substance,  on 
the  suspended  index.  Cold  being  simply  negative  heat,  it  is  not 
at  first  sight  obvious  how  it  can  produce  the  opposite  effect  to 
heat.  The  author,  however,  explains  this  by  the  law  of  exchanges, 
and  shows  that  attraction  by  a  cold  body  is  really  repulsion  by 
radiation  falling  on  the  opposite  side.  According  to  the  same 
law,  it  is  not  difficult  to  foresee  what  will  be  the  action  of 
two  bodies,  each  free  to  move,  if  they  are  brought  near  to  one 
another  in  space,  and  if  they  differ  in  temperature  either  from 
each  other  or  from  the  limiting  walls  of  the  space.  The  author 
gives  four  typical  cases,  with  experiments,  which  prove  his  reason- 
ing to  be  correct. 

Experiments  are  described  with  the  object  of  ascertaining  whether 
the  attraction  by  heat,  which,  commencing  at  the  neutral  point, 
increases  with  the  density  of  the  enclosed  air,  will  be  continued  in 
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the  same  ratio  if  the  apparatus  is  filled  \^  ith  air  above  the  atmo- 
spheric pressiu'e.     This  is  found  to  be  the  case. 

Various  experiments  are  described  with  bulb-apparatus,  in  which 
the  bulb  is  surrounded  with  a  shell  containing  \  aiious  adiathermous 
liquids  and  also  with  a  shell  of  vacuiun.  In  all  cases  radiation 
passed  through,  producing  the  normal  action  of  attraction  in  air 
and  repulsion  iu  a  vacuum. 

The  author  next  describes  a  form  of  apparatus  by  which  mea- 
surable results  are  attainable.  It  consists  of  a  long  glass  tube, 
wdth  a  wider  piece  at  the  end.  In  it  is  suspended  a  lump  of  mag- 
nesium by  a  very  fine  platinum  wire,  the  distance  between  the  point 
of  suspension  and  the  centre  of  gravity  of  the  magnesium  bob 
being  39'14  inches.  Near  thejnagnesium  is  a  platinum  spiral, 
capable  of  being  ignited  by  a  voltaic  battery.  Observations  of 
the  movement  of  the  pendulum  are  made  with  a  telescope  with 
micrometer  eyepiece.  With  this  apparatus  a  large  series  of  experi- 
ments are  described,  starting  from  air  of  normal  density,  and 
working  at  intermediate  pressures  up  to  the  best  attainable  vacuum. 
The  results  are  given  in  two  tables. 

With  this  apparatus  it  was  found  that  a  candle-flame  brought 
within  a  few  inches  of  the  magnesium  weight,  or  its  image  focused 
on  the  weight  and  alternately  obscured  and  exposed  by  a  piece  of 
card  at  intervals  of  one  second,  will  soon  set  the  pendulum  in  vi- 
bration when  the  vacuum  is  very  good.  A  ray  of  sunlight  allowed 
to  fall  once  on  the  pendulum  will' immediately  set  it  swinging. 

The  form  of  apparatus  is  next  described  which  the  author  has 
finally  adopted,  as  combining  the  greatest  delicacy  with  facility 
of  obtaining  accurate  observations,  and  therefore  of  getting 
quantitative  as  well  as  qualitative  results.  It  consists  of  a  glass 
apparatus  in  the  shape  of  an  inverted  T,  and  containing  a  hori- 
zontal glass  beam  suspended  by  a  very  fine  glass  thread.  At  the 
extremities  of  the  beam  are  attached  the  substances  to  be  experi- 
mented on,  and  at  the  centre  of  the  beam  is  a  small  mirror  from 
which  a  ray  of  light  is  reflected  on  to  a  graduated  scale.  The  ad- 
vantage which  a  glass  thread  possesses  over  a  cocoon-fibre  is  that 
the  index  always  comes  accurately  back  to  zero.  In  order  to 
keep  the  luminous  index  at  zero,  except  when  experiments  are  being 
tried,  extreme  precautions  must  be  taken  to  keep  all  extraneous 
radiation  from  acting  on  the  torsion-balance.  The  whole  apparatus 
is  closely  packed  all  round  with  a  layer  of  cotton-wool  about  6 
inches  thick ;  and  outside  this  is  arranged  a  double  row  of  Win- 
chester quart  bottles  filled  with  water,  spaces  only  being  left  for 
the  radiation  to  fall  on  the  balance  and  for  the  index  ray  of  light 
to  get  to  the  mirror. 

However  much  the  results  may  vary  when  the  vacuum  is  im- 
perfect, with  an  apparatus  of  this  kind  they  always  agree  among 
themselves  when  the  residual  gas  is  reduced  to  the  minimum  pos- 
sible ;  and  it  is  of  no  consequence  what  this  residual  gas  is.  Thus, 
starting  with  the  apparatus  full  of  various  vapours  and  gases,  such 
as  air,  carbonic  acid,  water,  iodine,  hydrogen,  ammonia,  &c.,  at  the 
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highest  rarefaction,  there  is  not  found  any  difference  in  the  results 
which  can  be  traced  to  the  residual  gas.  A  hydrogen-vacuum  appears 
the  same  as  a  water-  or  an  iodine-vacuiun. 

With  this  apparatus  the  effect  of  exposing  a  torsion-balance  to  a 
continuous  radiation  is  described,  and  the  results  are  shown  graphi- 
cally. The  effect  of  a  short  (11'3  seconds)  exposiu'e  to  radiation 
is  next  described,  and  the  results  are  given  in  the  form  of  a  Table. 

In  another  Table  is  given  the  results  of  experiments  in  which  a 
constant  source  of  radiation  was  allowed  to  act  upon  one  end  of  the 
torsion-beam  at  a  distance  of  140  or  280  millims,,  various  substances 
being  interposed.  The  sensitiveness  of  this  apparatus  to  heat-rays 
appears  to  be  greater  than  that  of  an  ordinary  thermo-multipher. 
Thus  the  obscure  heat-rays  from  copper  at  100°,  passing  through 
glass,  prodrce  a  deflection  on  the  scale  of  3*25,  whilst  under  the 
same  circumstances  no  current  is  detected  in  the  thermo-pile.  The 
following  substances  are  used  as  screens,  and  the  deflections  pro- 
duced (when  the  source  of  radiation  is  magnesium  wire,  a  standard 
candle,  copper  at  400°,  and  copper  at  100°)  are  tabulated: — 

Eock-salt,  20  millims.  thick;  rock-crystal,  42  millims.  thick; 
dark  smoky  talc;  plate  glass  of  various  thicknesses,  both  white  and 
green :  a  glass  cell  containing  8  millims.  of  water ;  a  plate  of  alum 
5  millims.  thick;  calc-spar,  27  millims.  thick ;  ammonio-sulphate  of 
copper,  opaque  to  rays  below  P  ;  ditto,  opaque  to  rays  below  G. 

The  author  considers  that  these  experiments  show  that  the  re- 
pulsion is  not  entirely  due  to  the  rays  usually  called  heat,  i.  e.  to 
the  extreme  and  ultra  red  of  the  spectrum.  Experiments  have 
been  tried  with  the  electric  and  the  solar  spectrum  formed  with  a 
quartz  train,  which  prove  the  action  to  be  also  exerted  by  the  lumi- 
nous and  ultra  violet  rays .  Some  numerical  data  have  been  obtained ; 
but  unfavourable  weather  has  prevented  many  observations  being 
made  with  the  solar  spectrum. 

The  barometric  position  of  the  neutral  point  dividing  attraction 
from  repulsion  is  next  discussed.  The  position  of  this  point  varies 
with  the  density  of  the  substance  on  which  radiation  falls,  the  ratio 
of  its  mass  to  its  surface,  its  radiating  and  conducting-power  for 
heat,  the  physical  condition  of  its  surface,  the  kind  of  gas  filling 
the  apparatus,  the .  intensity  of  radiation,  and  the  temperature  of 
the  surrounding  atmosphere.  The  author  is  inclined  to  beUeve  that 
the  true  action  of  radiation  is  repulsion  at  any  pressure,  and  thai; 
the  attraction  observed  when  the  rarefaction  is  below  the  neutral 
point  is  caused  by  some  modifying  circumstances  connected  with 
the  surrounding  gas,  but  not  being  of  the  nature  of  air-currents. 

The  neutral  point  for  a  thin  surface  of  pith  being  low,  and  that 
for  a  moderately  thick  piece  of  platinum  being  high,  it  follows  that 
at  a  rarefaction  intermediate  between  these  two  points  pith  will 
be  repealed,  and  that  platinum  will  be  attracted  by  the  same 
beam  of  radiation.  This  is  proved  experimentally ;  and  an  appa- 
ratus showing  simultaneous  attraction  and  repulsion  by  the  same 
ray  of  light  is  described  and  illustrated  in  the  paper. 
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The  paper  concludes  with  a  discussion  of  the  various  theories 
which  have  been  adduced  in  explanation  of  these  phenomena.  The 
air-current  and  electrical  theory  are  considered  to  have  been 
abundantly  disproved.  The  follo\\ing  experiment  is  given  by  the 
author  to  show  that  Prof.  Osborne  EejTiolds's  hypothesis  of  the 
movements  due  to  evaporation  and  condensation  at  the  surface 
will  not  account  for  all  the  facts  of  the  case,  and  that  therefore  he 
has  not  hit  upon  the  true  explanation.  A  thick  and  strong  bulb 
was  blown  at  the  end  of  a  piece  of  very  difficultly  fusible  gi-een 
glass,  specially  made  for  steam-boiler  gauges.  In  it  was  supported 
a  thin  bar  of  aluminium  at  the  end  of  a  long  platinum  wire.  The 
upper  end  of  the  wire  was  passed  through  the  top  of  the  tube  and 
well  sealed  in,  for  electrical  purposes.  The  apparatus  was  sealed  by 
fusion  to  the  Sprengel  pump,  and  exhaustion  was  kept  going  on  for 
two  days,  until  an  induction-spark  refused  to  pass  across  the  vacuum. 
During  this  time  the  bulb  and  its  contents  were  several  times  raised 
to  a  dull  red  heat.  At  the  end  of  two  days'  exhaustion  the  tube 
was  found  to  behave  in  the  same  manner  as,  but  in  a  stronger  degree 
than,  it  would  in  a  less  perfectly  exhausted  apparatus,  viz.  it  was 
repelled  by  heat  of  low  intensity  and  attracted  by  cold.  A  similar 
experiment  was  next  tried,  only  water  was  placed  in  the  bulb  be- 
fore exhaustion.  The  water  was  then  boilecl  away  in  vacuo,  and 
the  exhaustion  continued,  M'ith  frequent  heating  of  the  apparatus 
to  dull  redness,  for  about  48  hours.  At  the  end  of  this  time 
the  bar  of  aluminium  was  found  to  behave  exactly  the  same 
as  the  one  in  the  former  experiment,  being  repelled  by  radiation. 

It  is  impossible  to  conceive  that  in  these  experiments  sufficient 
condensable  gas  or  vapour  was  present  to  produce  the  effects  Prof. 
Osborne  Eeyuolds  ascribes  to  it.  After. the  repeated  heating  to 
redness  at  the  highest  attainable  exhaustion,  it  is  impossible  that 
sufficient  vapour  or  gas  should  condense  on  the  movable  index  to 
be  instantly  driven  off  by  the  warmth  of  the  finger  with  recoil 
enough  to  drive  backwards  a  heavy  piece  of  metal. 

"While  objecting  to  the  theories  already  advanced  as  not  ac- 
counting for  all  the  facts  of  the  case,  the  author  confesses  that  he 
is  not  as  yet  prepared  with  one  to  put  in  their  place.  He  wishes 
to  avoid  giving  any  theory  on  the  subject  until  a  sufficient  number 
of  facts  have  been  accumulated.  The  facts  will  then  tell  their  own 
tale.  The  conditions  under  which  they  invariably  occur  \\ill  give 
the  laws,  and  the  theory  will  follow  without  much  difficulty. 

Supplement.     Eeceived  April  20,  1875. 

Since  the  experiments  mentioned  in  the  foregoing  Abstract  were 
concluded,  the  author  has  examined  more  fully  the  action  of  radi- 
ation on  black  and  white  surfaces.  At  the  highest  exhaustion 
heat  appears  to  act  almost  equally  on  white  and  on  lampblacked 
pith,  repelling  them  in  about  the  same  degree. 

The  action  of  the  luminous  rays,  however,  is  different.     These 
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repel  the  blaclc  surface  more  energetically  than  they  do  the  white 
surface.  Taking  advantage  of  this  fact,  the  author  has  constructed 
an  instrument  which  he  calls  a  radiometer.  This  consists  of  four 
arms,  suspended  on  a  steel  point  resting  on  a  cup,  so  that  it  is 
capable  of  revolving  horizontally.  To  Ihe  extremity  of  each  anu 
is  fastened  a  thin  disk  of  pith,  lampblacked  on  one  side,  the  black 
surfaces  facing  the  same  wa,y.  The  whole  is  enclosed  in  a  glass 
globe,  which  is  then  exhausted  to  the  highest  attainable  point  and 
hermetically  sealed. 

The  author  finds  that  this  instrument  revolves  under  the  influence 
of  radiation,  the  rapidity  of  revolution  being  ui  ])roportiou  to  the 
intensity  of  the  incident  rays. 

Se^■eral  radiometers,  of  various  constructions  as  regards  details, 
but  all  depending  on  the  above-named  discovery,  were  exhibited  by 
the  author  at  the  Soiree  of  the  Eoyal  Society  on  the  7th  inst.,  and  nu- 
merous experiments  were  shown  with  them.  The  following  Table, 
which  gives  the  result  of  some  expei'iments  tried  with  one  of  the 
first-made  radiometers  (and  therefore  not  so  sensitive  as  more  recent 
instruments),  is  copied  from  a  card  which  was  distributed  during 
the  evening : — 

"  Time  required  for  One  Revolution. 

"  Source  of  radiation.                                           Time  in  seconds. 

"  1  candle,  20  inches  off    182 

10         „            45 

>,           5         „            11 

2  candles,  5         „           5 

4       jj        o         ,,           3 

8       „        5         „ 1-6 

1  candle,    5         „           behind  green  glass  . .  40 

»           5         „                „      blue    .,^„    ..  38 

„           5         „               „      purple     „    ..  28 

„           5         „                „      orange'    „    . .  26 

„           5         „                „      yellow     „    . .  21 

„          5         „               „      light  red  „    . .  20 

Diffused  daylight,  dull    2-3 

bright    1-7 

Full  sunshine,  10  a.m 0*3 

2  P.M 0-25  " 

These  experiments  are  not  mentioned  in  the  paper  of  which  the 
above  is  an  abstract,  as  it  is  intended  to  make  the  radiometer  the 
subject  of  a  future  communication  to  the  Society. 
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ON  THE  ATTRACTION  AND  REPULSION  EXERTED  BY  THE  LUMI- 
NOUS AND  THE  CALORIFIC  RAYS  :  By  DR.  F.  NEESEN*.  AND 
ON  CROOKES'S  RADIOMETER  :  BY  M.  POGGENDORFFf. 

"]\TE.  CROOKES'S  remarkable  experiments  relating  to  thepheno- 
-'•'-'•  mena  of  attraction  and  repulsion  which,  he  says,  result  from 
calorific  and  luminous  radiations,  could  not  fail  to  fix  the  attention 
of  physicisl^s  ;  yet  the  explanation  which  he  gives  of  them  must  of 
necessity  call  forth  numerous  objections.  It  is,  in  fact,  difficult  to 
attribute  to  radiation  the  power  to  produce  mechanical  effects  by 
acting  through  a  vacuum — that  is,  with  no  other  intermedium  than 
the  a;ther  or  extremely  rarefied  particles. 

On  the  other  hand,  the  high  degree  of  rarefaction  of  the  medium 
in  which  Mr.  Crookes  effected  his  experiments  seems  at  fii'st  view 
to  exclude  the  possibility  of  explaining  the  facts  by  merely  the 
action  of  currents  resulting  from  the  inequalities  of  temperature  o£ 
that  medium,  and  especially  the  continuous  rotation  which  he 
obtains  in  his  radiometer. 

Nevertheless  the  more  recent  researches  of  Dr.  ISTeesen  seem  to 
prove  that  it  is  indeed  currents  of  this  nature  that  play  the  principal 
part  in  the  phenomena  in  question. 

M.  Neesen  used  an  apparatus  which,  it  is  true,  does  not  permit 
the  realization  of  so  perfect  a  vacuum  as  that  in  which  Mr. 
Crookes's  pendulums  or  radiometer  move,  but  which  has  the  ad- 
vantage of  permitting  the  light  or  heat  to  be  made  to  act  in  a 
perfectly  determinate  dii'ection,  and  upon  an  equally  determinate 
part  of  the  suspended  body. 

This  apparatus  consists  of  a  tin  box,  one  of  the  sides  of  which 
has  an  opening  fitted  with  a  parallel-faced  glass  plate,  giving  pas- 
sage to  the  calorific  or  luminous  rays.  The  pendulum  is  fastened 
to  the  top  of  the  box  by  means  of  a  movable  frame,  so  that  it  can 
be  brought  near  to  the  glass  plate  or  to  the  opposite  side.  It  con- 
sists of  a  cocoon-thread  to  which  is  attached  a  piece  of  pasteboard 
or  of  wood  covered  with  paper,  carrying  in  its  centre  a  small  plane 
mirror,  the  deflections  of  which,  observed  at  a  distance  with  the 
cathetometer,  measure  the  torsion  of  the  thread.  Finally,  the 
light  and  heat  are  derived  from  a  petroleum-lamp,  the  rays  from 
which  can  be  projected  at  vidll  upon  one  of  the  sides  of  the  pen- 
dulum, sometimes  directly,  sometimes  concentrated  by  means  of 
a  lens. 

Keeping  at  first  the  air  contained  in  the  box  at  the  atmospheric 
pressure,  the  author  satisfied  himself  that  the  radiation  from  the 
lamp  really  determines  in  it  currents  of  transport.  This  appears 
clearly  from  the  fact  that  the  action  of  the  lamp  is  different  ac- 
cording as  the  pendulum  is  nearer  to  or  further  from  the  glass. 
By  varpng  this  distance  it  is  ascertained  that  the  deflection  shown 
by  the  mirror  is  almost  none  when  the  pendulum  is  close  to  the 

*  Pogg.  Ann,  September  1875.  f  Ibid.  November  1875. 
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hmder  side  of  the  box,  or,  on  the  contrary,  in  the  immediate 
\-icinity  of  the  glass  ;  while  it  attains  its  maximnm  when  tho  pen- 
dulum is  nearly  in  the  centre  of  the  box,  at  an  equal  distance  from 
its  two  opposite  sides. 

The  thickness  of  the  stratum  of  air  between  the  pendulum  and 
the  sides  ol  the  box  exerts,  therefore,  a  great  inlluence  on  tlio 
amplitude  of  the  deflection,  as  it  ought  if  this  is  due  to  the  afilux 
of  the  air  toward  the  warmer  region  of  the  interior  atmosphere. 
By  causing  the  rays  to  act  alternately  on  the  two  sides  of  the  pen- 
duliuu,  we  can  moreover  ascertain  that  the  deflection  of  the  mirror 
certainly  takes  place  always  in  the  dii'ection  in  which  the  colder 
air,  situated  behind  the  pendulum,  goes  to  replace  that  which  re- 
ceives directly  the  radiations  of  the  lamp. 

But  the  heat  from  this  has  not  only  the  effect  of  heating  the 
air  which  it  traverses,  but  the  side  of  the  pendulum  which  receives 
the  rays  is  also  not  slow  to  be  itself  affected  by  its  influence.  Its 
temperatiu-e  soon  rises  above  that  of  the  surroimding  air ;  and  a 
cecond  set  of  currents  are  produced,  going  from  the  glass  to  the 
mirror  and  tending  to  turn  it  in  the  opposite  direction  to  the  former 
ones,  which  are  directed  from  the  posterior  side  of  the  box  toward 
the  glass  plate. 

The  result  is  that  the  deflection  due  to  the  first  currents  dimi- 
nishes, and  finally  changes  its  direction :  this  always  takes  place 
when  the  rays  from  the  lamp  fall  directly  on  one  of  the  sides  of  the 
pendulum  to  the  right  or  the  left  of  the  mirror.  But  it  is  easy  to 
prevent  this  diminution  and  inversion  by  concentrating  the  lumi- 
nous rays  by  a  lens  on  one  of  the  sides  of  the  pendulum,  while  the 
lamp  heats  directly  the  air  situated  on  the  other  side. 

In  this  case  the  currents  of  the  second  set  evidently  tend  to 
turn  the  pendulum  in  the  same  direction  as  those  produced  by  the 
direct  heating  of  the  air ;  and  there  ensues  an  increase  instead  of  a 
diminution  of  the  deflection. 

The  amplitude  of  the  deflection  of  the  mirror  depends  also  no- 
tably on  the  angle  at  which  it  receives  the  rays — which  is  readily 
accounted  for,  since  the  intensity  of  the  thermic  action  is  itself  in 
correspondence  \^-ith  the  direction  of  those  rays. 

In  fine,  it  is  intelligible  that  the  heating  of  the  air  must  diminish 
with  its  density,  while  that  of  the  pendulum  must  become  more 
rapid  and  more  intense  in  proportion  as  the  air  contained  in  the 
box  is  rarefied.  Moreover  Dr.  Neesen  has  established  that  the 
tleflection  corresponding  to  the  first  set  of  currents  diminishes  in 
proportion  as  vacuum  is  produced  in  the  apparatus,  and  is  at  last 
entirely  supplanted  by  the  opposite  deflection  resulting  from  the 
heating  of  the  pendulum  by  the  radiation  from  the  lamp.  Thus, 
according  to  him,  is  to  be  explained  the  fact  observed  by  Mr. 
Crookes,  from  which  he  inferred  that  the  action  of  heat  on  the 
pendulum  is  attractive  in  air,  while  it  is  I'epellent  in  vacuo. 

Certainly  Dr.  Neesen's  experiments  tend  to  a  rational  explana- 
tion of  the  phenomena  discovered  by  Mr.  Crookes;  nevertheless 
they  cannot  be  considered  altogether  conclusive,  since  they  were 
not  performed  in  a  medium  reaching  an  extreme  degree  of  rare- 
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faction,  in  Avhich,  perhaps,  it  would  not  be  legitimate  to  admit  the 
production  of  currents  jpossessiug  sufficient  energy  to  carry  with 
them  the  relatively  considerable  mass  of  the  pendulum. 

It  is,  besides',  very  possible  that  these  phenomena  are  actually 
due  to  currents  as  long  as  the  rarefaction  of  the  air  contained  in  the 
apparatus  does  not  exceed  a  certain  degi-ee;  but  it  may  also  very 
well  be  that  a  totally  different  cause  intervenes  when  the" exhaustion 
is  more  complete.  That  cause,  still  obscure,  may  perhaps  be  the 
one  suggested  at  first  by  Mr.  Eeynolds  very  shortly  after  Mr. 
Crookes's  publication  *. 

Mr.  Eevnolds  bases  his  interpretation  on  a  consequence  of  the 
mechanical  theory  of  gases.  He  remarks  that  the  heating  of 
gaseous  particles  which  strike  a  surface  hotter  than  themselves, 
and  consequently  the  augmentation  of  their  velocity,  must  be  fol- 
lowed by  a  reaction  in  a  dii-ection  opposite  to  that  of  the  rays 
wliich  act  upon  that  surface,  since  the  particles  rebound  with  a 
greater  velocity  than  that  which  they  possessed  before  the  impact. 
As,  on  the  other  hand,  thermic  .radiation  as  well  as  the  mobility  of 
the  particles  must  augment  with  the  degree  of  rarefaction  of  the 
gas,  this  effect  of  reaction,  he  thinks,  may  still  possess  sufficient 
energy  in  the  most  highly  rarefied  media,  where  mere  currents 
would  have  become  too  feeble. 

Nevertheless  M.  Poggeudorff,  who  has  also  occupied  himself 
with  this  delicate  subject,  ranges  himself  rather  on  the  side  of  the 
interpretation  given  by  Dr.  Keesen.  It  is  true  he  does  not  regard 
the  phenomenon  as  completely  elucidated ;  but  he  is  convinced 
that  the  motions,  whether  of  the  pendulum  or  of  Crookes's  radio- 
meter, would  certainly  not  take  place  in  a  perfect  vacuum. 

Using  a  radiometer  constructed  by  Dr.  Geissler,  of  Bonn,  on 
the  model  of  those  employed  by  Mr.  Crookes,  M.  Poggeudorff  has 
proved  the  perfect  accuracy  of  the  facts  observed  by  the  latter ;  he 
has  even  seen  the  vane  of  the  radiometer  put  in  motion  merely 
by  the  influence  of  daylight  from  a  sky  covered  -nith  clouds.  On 
the  other  hand,  he  has  proved  that  the  apparatus  absolutely  ceases 
to  turn  when  the  luminous  rays  which  reach  it  have  passed  through 
a  thickness  of  20  millims.  of  water. 

He  notices  also  another  fact,  not  less  important.  It  is  known 
that,  in  Mr.  Crookes's  experiments,  the  rotation  of  the  vane  does 
not  take  place  when  it  is  acted  on  by  the  obscure  thermic  radiation 
resulting  from  direct  heating  of  the  glass  balloon  which  contains 
it.  Xow  M.  Poggeudorff  has  obtained  all  the  usual  rotation  effects 
by  projecting  upon  his  radiometer  the  rays  from  a  wax  taper  after 
they  have  traversed  a  plate  of  black  glass  which  is  made  use  of  in 
polarization-experiments,  and  which  owes  its  opacity  to  the  pre- 
sence of  a  cei'tain  quantity  of  sulphur.  Mr.  Crookes,  as  well  as 
Messrs.  Tait  and  Dewar,  had  already  proved  that  it  is  the  same 
with  the  obscure  radiation  emanating  from  sulphiodide  of  carbon. 

In  brief,  the  phenomena  discovered  by  Mr.  Crookes  are  not  yet 
completely  explained ;  but  it  is  probable  that  they  are  in  great 

*  See  Eeynolds,  "  On  the  Forces  caused  by  Evaporation  from  and  Con- 
densation at  a  Surface/'  Pro'c.  Eoy.  Soc.  June  1874,  p.  406. 
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part  clue  to  the  action  of  currents,  and  perhaps  also  to  the  reaction 
of  gas-particles  in  higlily  rarefied  media.  In  any  case  they  are 
real  facts,  since  they  have  been  verified  by  several  experimenters  ; 
and  they  appear  to  have  led  to  the  realization  of  an  apparatus  in 
some  sort  thermometric,  endowed  with  extraordinary  sensitiveness 
in  regard  to  radiant  heat. — BibliotJwque  Universelle,  Archives  des 
Sciences  PJiifs.  et  Nat.  Jan.  15,  1876,  pp.  84-88. 

ON  THE  ACTION  OF  HEAT  IN  MAGNETIZATION.  BY  L.  FAYE. 
It  has  long  been  known  that  the  magnetic  state  of  a  steel  bar 
changes  with  the  temperature.  Coulomb,  Kupffer,  and  other  physi- 
cists have  studied  the  very  complex  laws  of  the  dimiuution  of 
magnetic  intensity  ;  and  the  most  marked  consequence  resulting 
from  their  experiments  is,  that  by  raising  the  temperature  of  steel 
to  a  certain  point  we  cause  it  to  lose  defioitively  the  magnetism  it 
has  received. 

M.  Jamin  has  recently  demonstrated  *  that  steel  is  capable  of 
receiWng  considerable  magnetization  at  a  temperature  at  which  it 
loses  almost  entirely  that  which  it  received  when  cold,  wliile  the 
magnetism  of  a  bar  magnetized  when  hot  diminishes  very  rapidly, 
and  in  a  very  short  time  almost  completely  disappears. 

We  have  investigated  the  variations  of  magnetic  intensity  by  the 
method  of  Van  Rees,  which  permits  a  speedy  determination  of  the 
total  quantity  of  free  magnetism  in  a  bar. 

If  a  heUx,  formed  of  a  few  turns  of  copper  wire  wound  round 
the  bar,  be  slid  quickly  from  the  middle  to  a  distance  at  wliich  its 
influence  is  no  longer  sensible,  the  initial  deflection  of  the  galva- 
nometer-needle, produced  by  the  very  feeble  induced  current  re- 
sulting from  the  movement,  measures  sensibly  the  total  quantity 
of  free  magnetism  of  the  bar.  We  are  assured  that  the  earth's 
action  is  not  sufficient  to  give  an  induced  current  that  could  disturb 
the  result. 

We  operated  on  bars  previously  annealed,  and  cooled  slowly,  so 
that  we  could  regard  the  changes  of  state  as  absolutely  temporary, 
and  the  variations  of  temper  did  not  complicate  the  phenomenon. 

The  bar  to  be  examined  is  suspended  horizontally  to  a  copper 
rod,  above  a  tube  pierced  with  a  series  of  apertures  forming  gas- 
jets  close  enough  to  heat  the  bar  in  a  manner  sensibly  uniform 
throughout  its  length.  This  arrangement  permits  the  maguetizing- 
coil  to  be  inti-oduced  without  the  bar  ceasing,  even  when  inside,  to 
be  under  the  action  of  the  source  of  heat — an  important  condition 
for  following  from  its  commencement  the  phenomenon  of  loss.  The 
ciu-rent  from  a  pile  of  ten  Bunseu  elements  is  caused  to  pass  round 
the  bar  ;  then  the  coil  is  withdrawn ;  the  helix  of  copper  wire, 
protected  by  a  non-conducting  envelope,  is  afterwards  introduced 
as  far  as  the  middle  of  the  bar,  and  then  suddenly  withdravtTi  ;  fhe 
initial  deflection  of  the  needle  of  a  mirror-gahanometer  produced 
by  this  last  movement  is  measured.  The  temperature  of  the  bar 
was  given  approximately  by  a  thermoelectric  couple. 
•  Comptcs  liendtis,  December  22,  187-''<. 
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We  tluis  observed  that  the  quantity  of  residual  magnetism  slowly 
diminishes  as  tlie  temperature  of  magnetization  is  increased ;  it  is 
still  considerable  at  incipient  redness,  but  becomes  insensible  at  a 
cherry-red  heat. 

The  magnetism,  which  is  rapidly  lost  if  the  bar  is  allowed  to 
cool,  is  preserved  at  any  temperature  if  the  same  calorific  state  is 
maintained — if  not  indefinitely,  at  least  during  a  time  so  long  that 
the  very  slow  eufeeblemeut  observed  can  be  atti-ibuted  to  oscillations 
of  temperature  resulting  from  the  difficulty  of  keeping  a  veiy  high 
temperature  perfectly  constant.  An  augmentation  or  a  diminu- 
tion of  temperatui'e  is  accompanied  by  a  loss  of  magnetism,  which 
therefoi'e  does  not  depend  on  the  temperature  at  which  the  bar  was 
magnetized,  but  is  a  correlative  phenomenon  of  the  thermal  state. 
The  quantity  of  magnetism  at  a  determinate  temperature  depends 
on  the  nature  of  the  steel,  the  temperature  of  magnetization,  and 
changes  of  state  subsequently  undergone. 

When  the  bar  is  heating,  the  magnetism  diminishes  according 
to  a  law  which  depends  on  the  composition  of  the  steel,  but  in  a 
pretty  regular  fashion  ;  when  it  is  cooling,  the  law  of  the  loss  of 
magnetism  is  very  different  from  that  of  the  loss  of  heat.  The 
temperature  diminishes,  as  we  know,  at  first  rapidly,  then  less  and 
less  quickly,  and  can  be  represented  approximately  by  Kewton's 
formula, 

The  magnetic  loss  is,  on  the  contrary,  very  slow  at  the  com- 
mencement, then  augments  very  rapidly,  to  resume  afteinvards  a 
decreasing  value.  The  annexed  Table  gives  the  quantity  of  mag- 
netism, measured  from  minute  to  minute,  in  a  bar  magnetized  at 
about  350°  C.  :— 

Times   012        3  456789    10     60 

Quantities  of  "I  29    29    28-8    28-7      27    19    12      8     6-5    5     4      1-5 

mametism  J 
Temperatures   350°  200°  100°  12° 

"We  see  that  it  remains  nearly  constant  during  three  minutes, 
then  loses  in  four  minutes  two  thirds  of  its  value,  lastly  diminishes 
less  and  less  quickly,  and  when  the  bar  has  arrived  at  the  ordinary 
temperature  has  only  -^  of  its  initial  value.  _ 

When  we  vary  the  temperature  of  magnetization,  the  time  during 
which  the  loss  remains  very  slight  goes  on  increasing  as  the  initial 
temperature  is  raised,  although  the  cooling  is  more  and  more 
rapid.  Besides,  the  time  is  independent  of  that  during  which 
the  magnetism  has  been  kept  constant  by  maintaining  the  tempe- 
rature. 

Wlien  a  bar  which  was  magnetized  when  hot  has  been  allowed 
to  cool  and  is  again  heated,  we  observe  that  the  quantity  of  magne- 
tism increases  and  may  attain  to  three  times  the  value  which  it  had 
preserved,  remaioiug  nevertheless  below  that  possessed  by  it  at  the 
time  of  its  magnetization.  This  is  similar  to  M.  Wiedmann's 
observation  concerning  the  magnetic  moment  of  bars  magnetized 
at  100°. 

But  in  following  the  quantity  of  magnetism  during  the  heating 
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of  tlie  bar,  it  is  seen  to  pass  throngli  Ji  inaximuin,  oE  wliich  the 
temperature  varies  with  the  uiitureof  the  steel,  but  is  always  below 
the  temperatiu-e  of  magnetization ;  if  the  heating  is  continued,  the 
magnetism  definiti^-cly  vanishes.  On  leaving  the  temperature 
below  that  corresponding  to  the  maximum,  and  letting  the  bar  cool 
and  then  reheating  it,  the  second  maxiuuun  is  found  to  be  below 
the  first,  and  so  on.  This  property  belongs  solely  to  magnetism 
received  at  a  high  temperature  and  lost  in  consequence  of  cooling. 
When  a  bar  which  has  received  partial  magnetization  by  contact 
with  a  magnet,  or  conserved  after  heating,  is  he^.ted,  the  magnet- 
ism is  seen  to  diminish  more  or  less  rapidly,  but  without  there 
being  any  augmentation. 

Wo  have  studied  bars  of  divers  compositions  and  different  sec- 
tions. Var\dng  also  the  manner  of  heating,  the  quantities  of 
magnetism  conserved  at  the  same  temperatures  have  sho\\'n  them- 
selves to  be  different;  but  we  have  constantly  observed  these  tlu*ee 
phenomena  : — 

(1)  The  conservation  of  the  magnetism  at  any  temperature 
when  that  temperature  is  maintained  constant ; 

(2)  The  diminution,  at  first  slow,  of  the  magnetism,  becoming 
very  rapid  after  a  time  variable  with  the  temperature  of  magneti- 
zation ; 

(3)  The  augmentation  of  the  quantity  of  magnetism  remaining 
after  cooling  when  the  magnet  is  reheated. 

The  operations  were  performed  in  the  laboratory  of  the  Sor- 
bonne. — Comptes  Rendus  de  V Academic  des  Sciences,  Jan.  24,  1876, 
vol.  Ixxxii.  pp.  276-278. 


ON  THE  PHENOMENA  OF  INDUCTION.     BY  M.  MOUTON. 

The  experiments  which  have  been  made  and  the  theories  formed 
in  regard  to  induction-phenomena  have  generally  referred  to  an 
induced  wire  included  in  a  circuit ;  the  electricity  set  in  motion 
passed  from  one  extremity  to  the  other,  either  through  the  wire 
of  a  galvanometer  or  a  magnetizing  spiral,  or  through  the  air  under 
the  complex  form  of  the  spark.  But  we  may  ask,  into  what  rela- 
tive electric  condition  does  the  phenomenon  of  induction  bring  the 
two  extremities  of  the  wire  of  an  induction-coil  when  no  metallic 
communication  is  established  between  them,  and  when  they  are 
kept  at  too  great  a  distance  for  the  spark  to  clear  it  ? 

For  the  purpose  of  soh-ing  this  problem,  I  made  use  of  a  Thom- 
son's dial  electrometer  of  large  size ;  the  needle  was  maintained 
charged  by  its  communication  wath  one  of  the  poles  of  an  open 
pile  ;  and  the  two  pairs  of  dials  were,  at  a  suitable  time,  connected 
wdth  the  ends  of  the  wire  by  the  intermedium  of  a  condenser  with 
a  sti'atum  of  air.  If,  limiting  ourselves  to  the  case  of  the  rupture 
of  the  inducing  current,  we  suppose  a  commutator  putting,  at  the 
same  time  that  it  produces  that  rupture,  the  ends  of  the  induced 
wire  in  communication  with  the  dials  of  the  electrometer,  the  fol- 
lowing is  what  will  be  observed. 
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If  the  duration  of  the  communication,  commencing  with  the 
breaking  of  the  current,  exceeds  a  time  which  I  have  not  tried  to 
estimate  rigorously,  but  which  is  not  much  less  than  -001  of  a 
second,  the  condenser  does  not  become  charged,  and  the  needle  of 
the  electrometer  remains  at  rest. 

If  the  duration  of  this  communication  is  reduced  to  much  less 
than  -jTj-ijijj)  of  a  second,  we  find  charges  absolutely  different  ac- 
cording to  the  instant  at  which  this  rapid  contact  is  produced  ;  and 
we  can  thus  study,  from  less  than  ^o'^^xr  ^o  -jDocrB  of  a  second,  the 
difference  of  potential  presented  by  the  extremities  of  the  induced 
ware. 

The  following  is  then  the  succession  of  the  phenomena  which  I 
have  observed : — 

Take  the  times  for  abscissae,  the  origin  being  at  the  metallic 
rupture  of  the  inducing  current,  and  the  differences  of  potential 
(or,  what  comes  to  the  same  thing,  the  deflections  of  the  needle) 
for  ordinates. 

At  the  time  zero  the  difference  of  potential  is  nil ;  it  then  in- 
creases regularly,  and  at  about  y^  J^j^-j,  of  a  second  reaches  a  maxi- 
mum which  can  be  kept  to  a  remarltable  degree  constant ;  it 
afterwards  decreases  regularly,  again  becoming  nil.  But  the  phe- 
nomenon does  not  end  there.  If  the  examination  be  continued, 
the  difference  of  potential  changes  sign,  the  positive  extremity 
becomes  negative,  and  vice  versa ;  there  is  a  new  maximum  reached 
in  the  opposite  direction,  then  a  return  to  zero,  then  another 
change  of  sign,  &c.  I  have  counted  in  this  way  as  many  as  30 
oscillations.  The  first  ocillations  have  always  seemed  to  me  longer 
and  more  intense ;  they  appear  to  tend  rapidly  towai'ds  isochrouism. 
I  beg,  however,  permission  to  reserve  tliis  question  of  the  duration 
of  the  oscillations,  which  a  special  commutator,  I  hope,  will  soon 
enable  me  to  determine. 

In  regard  to  the  intensities  the  I'esults  are  very  clear.  I  will 
give  an  instance  : — 

The  inducing  current  beijig  supplied  by  a  single  Daniell  element 
with  water  and  sulphate  of  copper,  the  inducing  bobbin  having 
only  one  thickness  of  wire,  and  the  induced  bobbin  10,000  turns  of 
wire  ^  millim.  in  diameter,  the  first  and  second  maxima  reached  a 
difference  of  potential  equivalent  to  80  Daniell  elements,  betrayed 
by  a  deflection  of  350  divisions  by  the  needle  of  the  electrometer, 
which  I  was  obliged  purposely  to  render  less  sensitive.  The  20th 
maximum  reached  160  divisions. 

The  oscillatory  phenomenon  was  first  described  by  M.  Blaserna; 
it  was  measured  more  carefully,  but  still  only  with  respect  to  its 
duration,  by  M.  Bernstein, — both  of  these  physicists  sending  the 
induced  current  for  only  a  very  brief  period  into  a  galvanometer. 

I  study  the  phenomenon  in  its  entirety,  from  a  purely  static  point 
of  view,  without  disturbing  it ;  and  I  get  a  constancy  and  intensity 
of  effect  which  permit  me  to  trace,  point  by  point,  the  curve  which 
represents  it. — Com2>tes  Mendus  de  VAauUmie  d^s  Sciences,  vol. 
Ixxxii.  pp.  84-86. 
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XXXII.   On  Waves.     By  Lokd  Rayleigh,  M.A.,  F.R.S* 

THE  theory  of  waves  in  a  uniform  canal  of  rectangular  sec- 
tion, in  the  case  when  the  length  of  the  wave  is  great  in 
comparison  with  the  depth  of  the  canal,  and  when  the  maxi- 
mum height  of  the  wave  is  small  in  comparison  with  the  same 
quantity,  was  given  long  ago  hj  Lagrange,  and  is  now  well 
known.  A  wave  of  any  form,  subject  to  the  above  conditions, 
is  propagated  unchanged,  and  with  the  velocity  which  would 
be  acquired  by  a  heavy  body  in  falling  through  half  the  depth 
of  the  canal.  The  velocity  of  propagation  here  referred  to  is 
of  course  relative  to  the  undisturbed  water.  If  we  attribute 
to  the  water  in  the  canal  a  velocity  equal  and  opposite  to  that 
of  the  wave,  the  wave-form,  having  the  same  relative  velocity 
as  before,  is  now  fixed  in  space,  and  the  problem  becomes  one 
of  steady  motion.  It  is  under  this  aspect  that  I  propose  at 
present  to  consider  the  question  ;  and  we  will  therefore  suppose 
that  water  is  flowing  along  a  tube,  whose  section  undergoes  a 
temporary  and  gradual  alteration  in  consequence  of  a  change 
in  the  vertical  dimension  of  the  tube.  The  principal  question 
will  be  how  far  the  pressure  at  the  upper  surface  can  be  made 
constant  by  a  suitable  adjustment  of  the  velocity  of  flow  to  the 
force  of  gravity. 

That  the  two  causes  which  tend  to  produce  variation  of  pres- 
sure at  the  upper  surface  act  in  opposition  to  each  other  is  at 
once  evident.  If  there  were  no  gravity,  the  pressure  would 
vary  on  account  of  the  alteration  in  the  velocity  of  the  fluid. 
Since  there  must  be  the  same  total  flow  across  all  sections  of 

*  Communicated  by  the  Author. 
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the  pipe,  the  fluid  which  approaches  an  enlargement  must  lose 
velocity,  and  the  change  of  momentum  involves  an  augmented 
pressure.  On  this  account,  therefore,  there  is  an  increased 
pressure  at  a  place  of  enlargement  and  a  diminished  pressure 
at  a  contraction.  On  the  other  hand  the  effect  of  gravity  is  in 
the  opposite  direction,  tending  to  produce  a  loss  of  pressure  at 
the  upper  surface  where  that  surface  is  high,  and  a  gain  of 
pressure  where  the  surface  is  low.  This  effect  of  gravity  is 
independent  of  the  velocity;  but  the  changes  of  pressure  due  to 
acceleration  and  retardation  depend  on  the  velocity  of  flow, 
and  we  can  therefore  readily  understand  that,  with  a  certain 
definite  velocity  of  flow,  compensation  may  take  place,  at  least 
approximately.  AVhen  this  happens,  the  condition  of  a  free 
surface  is  satisfied,  the  constraint  may  be  removed,  and  we  are 
left  w^th  a  stationary  wave-form. 

In  the  theory  of  long  waves  it  is  assumed  that  the  length  is 
so  great  in  proportion  to  the  depth  of  the  water,  that  the  velo- 
city in  a  vertical  direction  can  be  neglected,  and  that  the  hori- 
zontal velocity  is  uniform  across  each  section  of  the  canal. 
This,  it  should  be  observed,  is  perfectly  distinct  from  any  sup- 
position as  to  the  height  of  the  wave.  If  I  be  the  undisturbed 
depth,  and  h  the  elevation  of  the  water  at  any  point  of  the 
wave,  Mq,  u  the  velocities  corresponding  to  l,l  +  h  respectively, 
we  have,  by  the  condition  of  continuity, 

so  that 

Wi  +  K' 

{i+hy' 

By  the  principles  of  hydrodynamics,  the  increase  of  pressure 
due  to  retardation  will  be 

On  the  other  hand,  the  loss  of  pressure  due  to  height  will  be 
gph ;  and  therefore  the  total  gain  of  pressure  over  the  undis- 
turbed parts  is 

If  now  the  ratio  h  :  I  be  very  small,  the  coefficient  of  h  becomes 


'(!-)> 
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and  we  conclude  that  the  condition  of  a  free  surface  is  satisfied 
provided  ul  =  (/l.  This  determines  the  rate  of  flow  in  order 
that  a  stationary  wave  may  be  possible,  and  gives  of  course  at 
the  same  time  the  velocity  of  a  wave  in  still  water. 

If  we  suppose  the  condition  ii^=gl  satisfied,  the  change  of 
pressure  is,  to  a  second  approximation, 

''^'''  i/TT^"  ^^~^"^' 

which  shows  that  the  pressure  is  defective  at  all  parts  of  the 
wave  where  h  difrers  from  zero.  Unless,  therefore,  li?  can  be 
neglected,  it  is  impossible  to  satisfy  the  condition  of  a  free  sur- 
face for  a  stationary  long  wave — which  is  the  same  as  saying 
that  it  is  im})ossible  for  a  long  wave  of  finite  height  to  be  pro- 
pagated in  still  water  without  change  of  tv-pe.  If,  however,  h 
be  everwhere  positive,  a  better  result  can  be*  obtained  with 
an  increased  value  of  w^;  and  if  h  be  everywhere  negative, 
■^^^th  a  diminished  value.  We  infer  that  a  positive  wave  moves 
with  a  somewhat  higher,  and  a  neofative  wave  with  a  somewhat 
lower  velocity  than  that  due  to  half  the  undisturbed  depth. 

Although  a  constant  gravity  is  not  adequate  to  compensate 
the  changes  of  pressure  due  to  acceleration  and  retardation  in 
a  long  wave  of  finite  height,  it  is  evident  that  complete  com- 
pensation is  attainable  if  graA'ity  be  a  function  of  height ;  and 
it  is  worth  while  to  inquire  what  the  law  of  force  must  be  in 
order  that  long  waves  of  unlimited  height  may  travel  with  type 
unchanged.  If/  be  the  force  at  height  A,  the  condition  of  con- 
stant pressure  is 


whence 


J  —  ~  a  Tnn  ,    7A2  0 


2   dh{l  +  hy  '{l  +  hf' 


which  shows  that  the  force  must  vary  inversely  as  the  cube  of 
the  distance  from  the  bottom  of  the  canal.  Under  this  law  the 
waves  may  be  of  any  height,  and  they  will  be  propagated  un- 
changed with  the  velocity  v^Y,  where  /  is  the  force  at  the  un- 
disturbed level. 

The  same  line  of  thought  may  be  applied  to  the  case  of  a 
long  wave  in  a  canal  whose  section  is  uniform  but  otherwise 
arbitrary.     Let  A  be  the  area  of  the  section  below  the  undis- 

T2 
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turbed  level,  h  the  breadth  at  that  level.     Then,  as  before, 

if  h  be  small ;  whence 

Now  by  dynamics 

if  the  upper  surface  be  free  ;  and  thus 

which  gives  the  velocity  of  propagation.     In  the  case  of  a 
rectangular  section  we  have  the  same  result  as  before,  since 

The  energy  of  a  long  wave  is  half  potential  and  half  kinetic. 
If  we  suppose  that  initially  the  surface  is  displaced,  but  that 
the  particles  have  no  velocity,  we  shall  evidently  obtain  (as  in 
the  case  of  sound)  two  equal  Avaves  travelling  in  opposite  direc- 
tions, whose  total  energies  are  equal,  and  together  make  up 
the  potential  energy  of  the  original  displacement.  Now  the 
elevation  of  the  derived  waves  must  be  half  of  that  of  the  ori- 
ginal displacement,  and  accordingly  the  potential  energies  less 
in  the  ratio  of  4  : 1.  Since  therefore  the  potential  energy  of 
each  derived  wave  is  one  quarter,  and  the  total  energy  one 
half  of  that  of  the  original  displacement,  it  follows  that  in  the 
derived  wave  the  potential  and  kinetic  energies  are  equal. 

We  may  now  investigate  the  effect  on  a  long  wave  of  a  gra- 
dual alteration  in  the  breadth  of  the  canal  and  the  area  of  the 
section.  The  potential  energy  of  the  wave  varies  directly  as 
the  length,  breadth,  and  square  of  the  height ;  and,  by  what  has 
been  proved  above,  the  same  is  true  of  the  total  energy.  Now 
the  length  of  the  wave  in  various  parts  of  the  canal  is  obvi- 
ously proportional  to  the  velocity  of  propagation,  viz.  a  /_; 
and  we  may  therefore  write 


E  a  ^^  .  (height) 


But  when  the  alteration  in  the  canal  is  very  gradual,  there  is 
no  sensible  reflection  and  the  energy  of  the  wave  continues 
constant ;  so  that 

height  <xA~'b~\ 
In  the  case  of  a  rectangular  section, 

height  cc  l~^b~^. 
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These  results  arc  duo  to  Green,  Kelland,  and  Airy*.  The 
same  method  may  be  even  more  easily  a|)[)lied  to  the  sound- 
Avave  moving-  in  a  pipe  of  gradually  varying  section. 

The  theory  of  long  waves  may  be  applied  in  many  cases  to 
ascertain  the  etfect  on  a  stream  of  a  contraction  or  enlarge- 
ment of  its  channel.  If  the  section  of  the  channel  up  to  the 
natural  level  of  the  stream  be  altered  from  A„  to  A,  the  equa- 
tion of  continuity  gives 

(A  +  6/i)"  =  Ao"oj 
where  h,  the  breadth  at  the  surface  of  the  water,  is  supposed 
not  to  vary  with  height.     The  condition  of  a  free  surface  is 

nl  -  li"  =  ?<2 1 1  - :^«__  I  =  2gh, 


or 


{A+bhy        ^'l ' 

which  shows  that  h  can  never  exceed  the  height  due  to  the 
velocity  u^,  as  is  indeed  otherwise  obvious. 

If  the  variations  in  A  and  b  are  small  as  well  as  gradual, 
and  if  we  j^ut  A  =  Aq-+  8A,  we  tind 

5A  .  c/A, 

"-  b    •  K 

When  the  velocity  w^  is  less  than  that  of  a  free  wave,  ^Aq  >  bu^^ , 
and  It  has  the  same  sign  as  8A ;  viz.  a  contraction  of  the  chan- 
nel produces  a  depression  of  the  surface,  and  an  enlargement  an 
elevation.  But  if  the  velocity  of  the  stream  exceed  that  of  a 
free  wave,  these  eiFects  are  reversed,  and  an  enlargement  and 
contraction  of  the  section  entail  respectively  a  depression  and 
an  elevation  of  the  surface. 

If  the  velocity  of  the  stream  is  nearly  the  same  as  that  of  a 
free  w^ave,  a  state  of  things  is  approached  in  which  a  wave  can 
sustain  itself  in  a  stationary  position  wdthout  requiring  a  varia- 
tion in  the  channel ;  and  then  the  effects  of  such  a  variation  are 
naturally  much  intensified. 

We  must  not  forget  that  these  calculations  proceed  on  the 
supposition  that  a  steady  motion  is  possible.  It  would  appear 
that  the  motion  thus  obtained  is  unstable  in  the  case  where  the 
velocity  of  the  stream  exceeds  that  of  a  free  wave.  If  we  sup- 
pose the  upper  surface  to  consist  of  a  movable  envelope,  it 
would  indeed  be  in  equilibrium  when  disposed  according  to  the 
law  above  investigated ;  but  if  a  disj)lacement  be  made  and 
steady  motion  be  conceived  to  be  reestablished,  the  pressure  of 
*  Stokes,  Brit.-Assoc.  Report  on  Hydrodynamics,  T840. 
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the  fluid  will  be  less  than  before  if  the  displacement  be  down- 
wards, but  will  be  increased  if  the  displacement  be  upwards ; 
so  that  the  forces  brouoht  to  bear  on  the  envelope  are  in  both 
cases  in  the  direction  of  displacement.  The  expression  for  the 
variation  of  pressure  at  the  envelope  is 

The  SoUtart/  Wave. 

This  is  the  name  given  bj  Mr.  Scott  Russell  to  a  peculiar 
wave  described  by  him  in  the  British-Association  Report  for 
1844.  Since  its  length  is  about  six  or  eight  times  the  depth  of 
the  canal,  this  wave  is,  to  a  rough  approximation,  included 
under  the  theory  of  long  waves ;  but  there  are  several  circum- 
stances observed  by  Mr.  Russell  which  indicate  that  it  has 
a  character  distinct  from  that  of  other  long  waves.  Among 
these  may  be  mentioned  the  very  different  behaviour  of  solitary 
waves  according  as  they  are  positive  or  negative,  viz.  accord- 
ing as  they  consist  of  an  elevation  or  a  depression  from  the 
undisturbed  level.  In  the  former  case  the  wave  has  a  remark- 
able permanence,  being  propagated  to  great  distances  without 
much  loss ;  but  a  negative  wave  is  soon  broken  up  and  dissi- 
pated. 

Airy,  in  his  treatise  on  Tides  and  Waves,  still  probably  the 
best  authority  on  the  subject,  appears  not  to  recognize  any 
thing  distinctive  in  the  solitary  wave.  He  says: — "We  are 
not  disposed  to  recognize  this  wave  as  deser^-ing  the  epithets 
'  great '  or  '  primary,'  ....  and  we  conceive  that  ever  since  it 
was  known  that  the  theory  of  shallow  waves  of  great  length 

was  contained  in  the  equation  --j-^  =^/c  -^ ,  •  •  •  the  theory  of 

etc  tl'Mj 

the  solitary  wave  has  been  perfectly  well  known."  And  again, 
"  Some  experiments  were  made  by  Mr.  Russell  on  what  he  calls 
a  rier/ative  Avave — that  is,  a  wave  which  is  in  reality  a  progres- 
sive hollow  or  depression.  But  (we  know  not  why)  he  appears 
not  to  have  been  satisfied  with  these  experiments,  and  has 
omitted  them  in  his  abstract.  All  the  theories  of  our  IVth 
Section,  without  exception,  apply  to  these  as  well  as  to  positive 
waves,  the  sign  of  the  coefficient  only  being  changed." 

On  the  other  hand.  Professor  Stokes  says* : — "  It  is  the  opinion 
of  Mr.  Russell  that  the  solitary  wave  is  a  phenomenon  sui 
generis,  in  no  wise  deriAdng  its  character  from  the  circumstances 
of  the  generation  of  the  wave.     His  experiments  seem  to  ren- 

*  British -Association  Report. 
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der  this  conclusion  probable.  Should  it  be  correct,  the  analy- 
tical character  of  the  solitary  wave  remains  to  be  discovered." 
The  theory  of  the  solitary  wave  has  been  considered  by  Earn- 
shaw  (Camb.  Trans,  vol.  viii.),  who,  distrusting  what  he  calls 
analytical  approximations,  bases  his  calculation  on  a  supposed 
result  of  ox[)eriiuent,  namely  that  the  horizontal  velocity  is  uni- 
form over  each  section.  This,  ;is  we  have  seen,  is  the  fundamental 
assumption  in  the  theory  of  long  waves  ;  but  when  the  length 
of  the  wave  is  moderate,  such  a  state  of  things  is  impossible  in 
a  frictionless  fluid  which  has  been  once  at  rest ;  for  it  involves 
molecular  rotation.  In  fact  if  there  be  a  velocity-potential, 
the  horizontal  velocity  ^i  satisfies  Laplace's  equation 

cPu      cPu      ^ 

T-2  +  T-^  =0, 
a.6-      a-i/' 

and  therefore  cannot  be  a  function  of  x  without  being  also  a 
function  of  ?/.  The  motion  investigated  by  Earnshaw  has 
therefore  molecular  rotation ;  and  the  rotation  remains  con- 
stant for  each  particle  ;  otherwise  the  equations  of  fluid  motion 
would  not  be  satisfied.  This  is  the  explanation  of  the  difficulty 
with  which  Earnshaw  meets, — that  while  the  necessary  condi- 
tions are  satisfied  in  the  wave  itself,  there  is  discontinuity  in 
passing  from  the  w^ave  to  the  undisturbed  water.  The  discon- 
tinuity arises  from  the  fact  that,  as  there  is  no  rotation  outside 
the  wave,  it  is  necessary  to  suppose  finite  rotations  imparted  to 
the  particles  as  the  wave  reaches  and  leaves  them.  It  is  evi- 
dent that,  except  in  the  case  of  very  long  waves,  u  must  be 
treated  as  a  function  of  ?/  as  well  as  of  a\ 

In  considering  the  theory  of  long  waves  (reduced  to  rest  by 
imparting  an  opposite  motion  to  the  water),  we  saw  that  it  was 
impossible  to  satisfy  the  condition  of  a  free  surface  if  the  height 
of  the  Avave  were  finite.  It  occurred  to  me  to  inquire  whether 
there  might  not  be  compensation  in  certain  cases  between  the 
variation  of  pressure  at  the  upper  surface  due  to  a  finiteness  of 
height,  and  the  variation  due  to  a  departure  from  the  law  of 
uniform  horizontal  velocity  proper  to  very  long  waves.  It  was 
conceivable  that  the  surface-condition  in  the  case  of  a  wave  of 
given  finite  height  might  be  better  satisfied  b}'  a  moderate  than 
by  a  very  great  wave-length.  In  this  way  I  have  obtained 
what  seems  to  be  a  perfectly  satisfactory  approximate  theory 
of  the  solitary  wave. 

If  u  and  V  be  the  horizontal  and  vertical  velocities  in  a 
stream  moving  in  two  dimensions  without  molecular  rotation, 
and  <f>,  ^fr  the  potential  and  stream  functions,  we  have 
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(70  _         (/\/r 


U=  - 


(A) 


_  d(f)  _        (lyjr 
dy  dx 

Hence,  if  the  bottom  of  tlie  canal  be  taken  for  axis  of  .r,  we  may 
take  for  u  and  v,  since  tliey  satisfy  Laplace's  equation, 

\'d,c)-'^^    J      1.2^'    ^1.2.3.4*^  i.(B) 

where  /(.<■)  is  the  s'!owly  variable  value  of  u  at  the  bottom 
when  y  =  0,  and  accents  indicate  differentiation  with  respect 
to  X.     The  corresponding  expression  for  -^  is 

This  equation  applies  to  the  upper  boundary,  if  we  understand 
by  t/t  the  there  constant  value  of  the  stream-function,  and  gives 
us  a  relation  between  the  ordinate  of  the  boundary  and  the 
function  /. 

Vi p  be  the  pressure  at  the  upper  surface,  we  have 

—  2  ^ =  2r/v  +  ?r  +  r", 

9 

where  C  is  some  constant.     We  will  write  for  brevity, 

t^2  +  ^,2^^_2,^y;  (D) 

and  the  object  of  the  investigation  is  to  examine  how  far  it  is 
possible  to  make  •bt  constant  by  varying  the  form  of  ?/  as  a 
function  of  a-.  Since  tr  +  ?•■  =  (! +  ?/'^)m^,  our  equation  becomes 

or,  on  substituting  for  u  its  value. 

Between  this  equation  and  (C),/may  be  eliminated  by  succes- 
sive approximation ;  and  we  obtain  as  the  relation  between  y 
and  rar, 

In  this  investigation  ?/  is  regarded  as  a  function  of  x,  which 


or 
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varies  slowly,  or  (as  we  may  put  it)  a  function  of  to.r,  when*  (o 
is  a  small  c(uantity.  If  wo  at;vee  to  neo^lect  the  I'onrtli  power 
of  &),  the  third  and  following'  terms  on  the  lel't-hand  siiU'  of  (E) 
may  be  omitted,  and  we  obtain 

3y"+3^"}=-y^-2^y^    .    •   .   (F) 

by  which  the  value  of  t<r  is  determined  approximately  in  terms 
of  the  form  of  the  upper  surface.  If  we  suppose  tu  constant 
and  integrate  (F)  on  that  hypothesis,  we  shall  obtain  a  form 
of  upper  surface  for  which  the  pressure  varies  very  slightly, 
provided  of  course  that  the  solution  so  obtained  satisfies  the 
suppositions  on  which  the  diti'erential  equation  (F)  is  founded. 
To  integrate  (F)  Ave  may  write  it  in  the  form 


or 


which    becomes  a  complete  diiferential  when   multiplied   b}- 
da; 


2^du'.     Thus  we  find 


C  being  the  constant  of  integration.  Suppose  now  that  in  the 
undisturbed  parts  of  the  canal  the  depth  is  /  and  the  velocity 
?/q.     Then 

^  =  "o  +  Vj 
and 

Substituting  these,  we  get 

'^~  -1  +  CV4-  !l±^  ?/2_  JL„3  fr\ 

3  -l  +  ty+__^^3/  2f.      .      .     (G) 


0 


In  this  equation  p  and  I  are  given,  while  7i^  and  C  are  at  our 
disposal  ;  and  thus  the  cubic  expression  on  the  right  may  be 
made  to  vanish  for  //  =  /  and  //  =  /',  where  V  is  the  distance  be- 
tween the  summit  of  the  wave  and  the  bottom  of  the  canal.    If 
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we  substitute  these  values  of  y  and  eliminate  C,  we  find 

<=9V (H) 

as  the  relation  between  u^  and  V .  The  constants  C  and  xi^ 
being  now  determined  so  as  to  make  y'  vanish  when  y  =  0  and 
when  ?/  =  /',  it  will  be  found  that  the  third  root  of  the  cubic  is 
also  /,  so  that  our  equation  may  be  put  into  the  form 

/'+7|7(i/-0%-0=o (I) 

From  this  result  it  appears  that  there  is  only  one  maximum 
or  minimum  value  of  y  (besides/)  ;  and  since  y  —  l'\&  neces- 
sarily negative,  it  follows  that  the  surface-condition  cannot  be 
satisfied  to  this  order  of  approximation  by  a  solitary  wave  of 
depression.     Differentiating  (I),  we  get 

which  shows  that  the  points  of  zero  curvature  occur  when  y=^l 

21'  +  1  2 

and  Avhen  ?/= — ^—  =/+  -(I'  — I).  Thus  the  curvature  changes 

sign  at  two  thirds  of  the  height  of  the  wave  above  the  undis- 
turbed level,  and  at  these  points  only.  The  nature  of  the  wave 
is  sufficiently  defined  by  (I) ;  but  we  may  readily  integrate 
again,  so  as  to  obtain  the  relation  between  a;  and  y.  Thus,  if 
r-l=:l3,y-l=v, 

the  constant  being  taken  so  that  a'  =  0  when  r]=/3.  This  equa- 
tion gives  the  height  rj  at  any  point  x  in  terms  of  one  constant, 
viz.  the  maximum  height  of  the  wave.  There  is  therefore  (in 
a  given  canal)  only  one  form  of  solitary  wave  of  given  maxi- 
mum height.  On  either  side  the  height  diminishes  without 
interruption,  but  does  not  (according  to  (J))  absolutely  vanish 
at  anv  finite  distance.  Accordingly  there  is  no  definite  wave- 
length ;  but  if  we  inquire  what  value  of  x  corresponds  to  a 
given  ratio  of  t]  :  /3,  we  get 

/3 

being  greatest  for  the  smallest  waves. 

Suppose,  for  example,  that  we  regard  the  wave  as  ending 
where  the  heiffht  is  one  tenth  of  the  maximum.     Then 


^•cc\/^ 


.V  :  1=2-1  ^y: 
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The  shortest  Avave-length  is  when  /3  =  /;  and  then 
2.i-:/  =  5-96. 

^^'^=3'  2.r:/  =  8-4. 

^^^^8'  2.t-:/  =  12-6. 

These  results  are  in  agreement  with  Russell's  observations. 

The  form  of  the  wave  as  determined  by  (J)  is  shown  in  the 
figure,  half  the  wave  only  being  drawn  : — 


The  velocity  of  propagation  is  given  by  (H),  which  is  Scott 
Russell's  formula  exactly.  In  words,  the  velocity  of  the  wave 
is  that  due  to  half  the  greatest  depth  of  the  water. 

Another  of  Russell's  observations  is  now  readily  accounted 
for  : — "  It  was  always  found  that  the  wave  broke  when  its  ele- 
vation above  the  general  level  became  equal,  or  nearly  so,  to 
the  greatest  depth.  The  application  of  mathematics  to  this 
circumstance  is  so  difficult,  that  we  confine  ourselves  to  the 
mention  of  the  observed  fact"*.  When  the  wave  is  treated 
as  stationary,  it  is  evident  from  dynamics  that  its  height  can 
never  exceed  that  due  to  the  velocity  of  the  stream  in  the  un- 

disturbed  parts ;  that  is,  V—l  is  less  than  -i.     But  xi^^=gl' ^  and 

therefore  V —  I  is,  less  than  I V,  or  V  —  l  is  less  than  /.  "\Mien  the 
wave  is  on  the  point  of  breaking,  the  water  at  the  crest  is 
moving  with  the  velocity  of  the  wave. 

Periodic  Waves  in  Deep  Water. 

The  best  known  theory  of  these  waves  is  that  of  Gerstner, 
Rankine,  and  Fronde,  in  which  the  profile  is  trochoidal.  The 
motion  of  each  particle  of  the  fluid  is  in  a  circle,  which  is  de- 
scribed with  uniform  velocity.  If  h,  k  be  the  coordinates  of 
the  centre  of  one  of  these  circles,  measured  horizontally  and 
downwards  respectively,  the  position  of  the  particle  at  time  t 

*  Airv,  'Tides  and  Waves/  art.  401. 
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is  given  by 

^  =  It  +  ^Re' ^  sin  ( at +j\ 

-)]=:  ic  +  J{e~  ^^  cos  (at  +  ^j. 

It  is  not  difficult  to  sliow  that  the  motion  represented  by 
these  equations  satisfies  the  condition  of  continuity,  and  is  con- 
sistent with  the  principles  of  fluid  mechanics  ;  but  it  involves  a 
molecular  rotation,  whose  amount  is 

2k  2k 

This  molecular  rotation,  being  constant  for  each  particle,  is  not 
inconsistent  with  the  properties  of  frictionless  fluid  when  the 
motion  is  once  set  up ;  but  it  is  known  that  a  motion  of  this 
kind  could  not  be  generated  from  rest  in  such  fluid  by  any 
natural  force.  We  proceed  to  consider  the  theory  of  periodic 
waA'es  in  deep  water  when  there  is  no  molecular  rotation. 

As  in  the  case  of  long  waves,  the  problem  may  be  reduced 
to  one  of  steady  motion  by  attributing  to  the  water  a  velocity 
equal  and  opposite  to  that  of  the  waves.  If  x  be  measured 
horizontally  and  ?/  downwards  from  the  surface,  the  conditions 
of  continuity  and  of  freedom  from  rotation  are  satisfied  by 

<p  =  c.v  +  ue^"^  sin  k.v,    \  ,  .. 

')^z=cij  —  ae""^  cos  KX ;  J 

where  0  and  ->/r  are  the  equipotential  and  stream  functions,  c 
the  velocity  at  a  great  depth,  a  a  constant  depending  on  the 
amplitude  of  the  waves,  and  Ac  =  27rH-X,,  \  being  the  wave- 
length or  distance  from  crest  to  crest.  The  motion  represented 
bv  (A)  passes  into  a  imiform  horizontal  flow  at  a  great  depth ; 
and  we  have  only  to  inquire  how  far  the  surface-condition  of 
constant  pressure  can  be  satisfied. 

If  U  be  the  resultant  velocity  at  any  point, 

XJ2  =  ('I^\ "  +  ^^ y  =  c-  +  ^CKue-'^y  cos  KX  +  /cVe-2«3' 

and  therefore 

^-=  const. +(rf  —  Kc-)l/  +  CK-^  — I  IT a-e'^^y.     .     .     (B) 

r 

Hence,  when  i/r  is  constant  and  a  is  so  small  that  «-  can  be 
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neglected,  p  ^vill  also  be  constant,  provided  that 

^-\/l=Vt (^) 

If  c  has  this  value,  the  surface-condition  is  satisfied  approxi- 
mately, and  (A)  may  be  understood  to  represent  a  train  of  free 
periodic  stationary  waves,  or,  if  the  motion  relatively  to  deep 
water  be  considered,  a  train  of  periodic  waves  advancing  with- 
out change  of  type  and  with  a  uniform  velocity  c. 

The  profile  of  the  wave  is  determined  by  the  second  of  equa- 
tions (A),  in  which  ^/r  is  made  constant.  By  successive  ap- 
])roximation  wo  may  deduce  the  value  of  >/  in  terms  of  a\  If 
yjr  be  taken  so  that  the  mean  value  of  ?/  is  zero,  we  get 

a  /,       5  /ra.-  \  ko?         _  3  i^c^        „ 

y=  -  I  1  +   5  — —  I  cos  KX—  -7-5-  cos  ZKX  +  o  — 5-  cos  OKX, 

which  is  correct  as  far  as  a^.     Let 

then 

j)  =  ex  +  f rt  f  1  —  ^  K^a^  \e~''y  sin  kx 

and  for  the  equation  of  the  surface, 

Ka"^  3 

i/  =  acosKX ^ cos 2kx  +  ^K^a^ cos 3kx.    .     .     (E) 

From  (B)  we  may  obtain  a  closer  approximation  to  the 
value  of  c.  Expanding  the  exponential,  we  have  (approximately) 


(D) 


so  that 


-  =  const.  +  {g—Kc-  +  k^u-)i/  +  .  . . ; 


K  K  ' 


c^=f(l  +  /cV),       (F) 

where  /c  =  27r-=-X. 

Formulae  (E)  and  (F)  are  given  by  Professor  Stokes  in  a 
memoir  published  in  the  Cambridge  Philosophical  Transac- 
tions, vol.  viii. 

So  long  as  the  depth  is  everywhere  sufficiently  great  in  com- 
parison with  the  length  of  the  waves,  uniformity  of  depth  is 
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immaterial.  For  waves  in  water  of  constant  finite  depth  l,  the 
expression  for  ylr  is 

■^  —  cy—a  cos  Kx\e-''^-^^  —  e'''^y-^'^\ , 
and  the  velocity  c  is  determined  by 

c^^g.^"'"'""'        (G) 

which  passes  into  (C)  when  /  is  considerable  in  comparison 
with  X.    When  I  is  small,  we  get  from  (G) 

K     2       ^  ' 

which  is  the  formula  proper  for  long  waves.  When  obtained 
thus,  it  is  appHcable  in  the  first  instance  only  to  waves  of  a 
particular  type  ;  but  the  fact  that  it  is  independent  of  /c  or  \ 
would  lead  us  to  the  conclusion  that  the  same  formula  would 
apply  to  a  long  wave  of  any  type. 

In  one  respect  the  theory  of  irrotational  waves  may  be  con- 
sidered inferior  to  that  of  Eanldne,  which  last  is  exact,  in  the 
sense  that  it  is  independent  of  any  supposition  as  to  the  small- 
ness  of  the  waves.  So  far  as  I  am  aware,  writers  on  this  sub- 
ject appear  to  think  that  it  is  only  a  question  of  mathematics 
to  determine  the  form  of  irrotational  waves  of  finite  amplitude 
to  any  degree  of  approximation.  But  it  seems  to  me  by  no 
means  certain  that  any  such  tj^-pe  exists,  capable  of  propagating 
itself  unchanged  with  uniform  velocity.  I  see  no  reason  why 
the  possibility  of  such  waves  in  deep  water  should  be  taken  for 
granted,  when  we  know  that  in  shallow  water  waves  of  finite 
height  cannot  be  propagated  without  undergoing  a  gradual 
alteration  of  t^^pe. 

One  of  the  most  interesting  results  of  Professor  Stokes's 
theory  is  the  existence  of  a  slow  translation  of  the  water  near 
the  surface  in  the  direction  of  the  wave.  I  propose  to  show 
that  this  superficial  motion  is  an  immediate  consequence  of  the 
absence  of  molecular  rotation,  and  that  it  is  independent  of  the 
condition  of  constant  pressure  at  the  bounding  surface. 

Let  A  B  be  the  surface  from  crest  to  hollow,  and  C  D  a 
neighbouring  stream-line.  Draw  A'  B',  Q'  W ,  two  stream- 
lines at  such  a  depth  that  the  steady  motion  of  the  fluid  is  uni- 
form, and  so  as  to  include  a  total  stream  equal  to  that  which 
flows  between  A  B  and  C  D.  Then  we  have  to  show  that  a 
particle  at  A  will  take  longer  to  reach  B,  than  a  particle  at  A' 
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takes  to  arrive  at  B'.     Now  if  a  denotes  the  small  breadth  of 
the  tube  A  D  at  any  point,  and  v  the  velocity,  the  total  stream 


\ 

c 

^^^^^ 

^^^^^^^-^~_ 

B 

D 

J^ 

b' 

Cf 

13' 

is  <7c  and  is  constant.     Denoting  it  by  K,  we  have 

The  time  t  occupied  by  a  particle  in  removing  from  A  to  B  is 
therefore 


Jds  _  Cads  _ 


t=\-  = 


=  areaAD-f-K. 


And  if  t'  represents  the  time  between  A'  and  B', 

f'=areaA^D'-^K, 

K  being  the  same  in  both  cases,  since  the  total  streams  are  by 
supposition  equal.     Thus 

t:t^=  area  AD  :  area  A'D', 

and  it  remains  to  prove  that  AD  is  greater  than  A'D'. 

If  we  draw  equipotential  lines  in  such  a  manner  that  the 
small  spaces  cut  ofit'  between  them  and  AB,  CD  are  squares, 
then  we  know  that  the  same  series  of  equipotential  lines  will 
divide  the  space  between  A'B',  CD',  into  small  squares  also. 
Now  if  a  line  be  divided  into  a  given  number  of  parts,  the  sura 
of  the  squares  of  the  parts  AviU  be  a  minimum  w^hen  the  parts 
are  all  equal.  Hence  the  space  AD  is  greater  than  if  the 
squares  described  on  the  partsof  AB  were  all  equal,  and  there- 
fore a  fortiori  greater  than  the  space  A'D^,  which  consists  of 
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the  siini  of  the  squares  of  the  same  iiunibor  of  equal  parts  of  a 
shorter  line. 

It  follows  that  when  a  })article  starting  from  A'  has  arrived 
at  B',  another  particle  starting  at  the  same  moment  from  A 
will  fall  short  of  B.  Tims  in  a  [)rogressive  wave  the  water 
near  the  surface  has  on  the  whole  a  motion  of  translation  in 
the  direction  in  which  the  waves  advance. 

Oscillations  in  Cylindrical  Vessels. 

If  liquid  contained  in  a  cylindrical  vessel  of  any  section,  whose 
generating  lines  are  vertical  and  whose  depth  is  uniform,  be 
disturbed  from  the  position  of  equilibrium,  oscillations  will 
ensue  in  consequence  of  the  tendency  of  the  fluid  to  recover 
its  horizontal  boundary. 

Let  us  consider  in  the  first  place  the  small  vibrations  in  two 
dimensions  of  a  compressible  fluid  such  as  air  when  contained 
within  a  cylindrical  rigid  boundary.  If  x  and  i/  be  the  rectan- 
gular coordinates  of  any  point,  and  cf)  the  velocity  potential,  it 
is  known  that  ^  will  satisfy  over  the  whole  area 

cie  "  \dx'  ^  dfj' ^^ 

a  being  the  velocity  of  sound  ;  while  round  the  contour 

2='' («) 

where  ~-  denotes  the  rate  of  variation  of  <f>  in  a  normal  direction. 
dn 

Whatever  the  motion  of  the  air  may  be,  it  can  be  analyzed 

into  components  of  the  harmonic  type.     Suppose  that  for  one 

of  these  (f)  varies  as  cos  Kat ;  then,  from  (A), 

fJ+?+^=^=« (c) 

is  an  equation  which  ^  must  satisfy  for  the  component  vibra- 
tion in  question.  The  equations  (C)  and  (B)  can  only  be 
satisfied  with  certain  definite  values  of  k  ;  and  the  functions  (f) 
corresponding  to  these  values  are  proportional  to  what  may  be 
called  the  normal  functions  of  the  air-system.  We  may  denote 
these  functions  by  u^.  Any  function  arbitrary  over  the  area 
can  be  expanded  in  a  series  of  the  functions  ic  *. 

Returning  to  the  liquid-problem,  we  see  that  the  elevation 
h  of  the  surface  at  any  point  above  the  undisturbed  position 

*  See  on  this  subject  several  papers  by  the  author,  especially  "  General 
Theorems  relating  to  ^'ibrations,  '  Math.  Society,  Proceedings,  vol.  iv. 
No.  63,  and  Phil.  Mag.  December  1873. 
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may  be  expressed  by  the  series 

/i  =  Sa««K(.iv/), (D) 

the  quantities  a  being  constants  with  respect  to  space,  but  de- 
pendent upon  time.  The  potential  energy  of  the  displacement, 
cidcnlafed  on  the  hijpothedt  of  a  constant  pressure  on  the  surface^ 
will  clearly  be 


>' 


(E) 


by  the  conjugate  property  of  the  functions  u.     This  is  the  po- 
tential energy. 

The  motion  of  the  fluid  throughout  the  interior  depends, 
according  to  a  known  theorem,  only  upon  the  motion  of  the 
surface  ;  and  the  surface  normal  velocity 

#      ;     ^. 

r-  =h:=  2,a„  m*. 

dz 

If  /  be  the  depth,  the  complete  value  of  cf)  is  given  by 

^k[z  —  1)  _|.  g  —  K(Z-l)    _ 

—  rf>  =  2 7 -. 77 UkuJxIj).        ...         (F) 

For,  in  the  first  place,  this  value  of  <^  satisfies  Laplace's 
equation,  inasmuch  as  each  term  n^  satisfies  the  equation 

d^u      d^u        o       ^ 

Secondly,  (F)  satisfies  the  condition  imposed  by  the  rigid 
cylindrical  boundary,  since  -j-^  =  0  ; 

Thirdly,  (F)  makes  ^  =  0  when  z=zl ; 

And  fourthly,  when  z=0,  — ^  =/i. 

The  kinetic  energy  T  may  now  be  readily  calculated : 

Fhd.  Macj.  S.  5.  Vol.  1.  No.  4.  April  1876.  U 
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by  Green's  theorem,  c?S  denoting  an  element  of  the  surfaca 

,   boundinor  the  mass,  and  -^the  rate  of  variation  of  d)  in  a  nor- 

mal  direction  outwards.  The  surface  S  consists  of  three  parts — 
the  bottom  of  the  vessel,  the  cylindrical  side  of  the  vessel,  and 
the  upper  surface  of  the  fluid.  Over  the  first  two  of  these, 
cl<f> 


=  0.  and  thus 
an 


'=-iW^)j-''- 


Now  when  c  =  0, 


so  that 


dz  "' 

the  product  of  any  two  functions  ti^,  ii^>  vanishing  when  inte- 
grated over  the  area. 

We  have  now  to  calculate  the  "svork  done  by  impressed  forces 
corresponding  to  the  displacement  represented  by  5a«.  It  must 
be  remembered  that  these  forces  are  limited  to  such  as  have  a 
potential.  Let  h'p  denote  the  variable  part  of  the  pressure  at 
the  surface,  supposed  to  remain  in  its  position  of  rest,  whether 
applied  directly  or  due  to  impressed  body-forces,  then 

work  done  on  system  =  —  jj  ^p  ^^^  dxdy. 
If  hp  be  expanded  in  the  series, 

Sp  =  ^^^u^vi/), 
work  =  —  JJ  SjQk  "k-  XSu^  u^  .  dx  dij 
=  —  2/3«  6a^  ^^  111  ^^^  ^^y- 

We  can  now  form  the  equations  of  motion  in  terms  of  the 
generalized  coordinates  ««.     By  Lagrange's  method, 


is  the  equation  determining  the  variation  of  the  coordinate  a^, 
where 

^K  =  Jj*  ^p  Wk  dx  dy  -i-  ^^  III  dx  <hj. 

When  the  oscillations  are  free,  ^^  =  0.    If  the  period  be  t«,  and 
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the  corresponding  period  for  the  air-vibration  r'^, 


T^  =  'j7r-^  \  /  (IK — -. ,^    \ 


(I) 


T  ^■='Z'TT-rKa. 

If  X,'  be  the  Ava^•e-lellgth  of  plane  aerial  vibrations  having  the 
period  t',,, 

K=2'Tr-=r\'. 

If  kI  be  very  small,  the  ratio  of  periodic  times  is 

T^:T'^=a:\/gl, (J) 

and  is  independent  of  k.  Hence  the  tAvo  problems  of  the  vibra- 
tions of  air  and  liquid  are  mathematically  analogous  whatever 
the  initial  circumstances  may  be  ;  so  that  if  the  condensation 
in  the  first  follows  the  same  law  initially  as  the  elevation  in 
the  second,  the  correspondence  vrAl  be  preserved  throughout 
the  subsequent  motion,  if  a^=gl.  The  initial  circumstances, 
however,  must  be  such  as  not  to  give  prominence  to  the  higher 
components,  for  which  kI  v.ould  no  longer  be  small. 

When  kI  is  not  negligible,  we  learn  from  formula  (I)  that 
the  period  increases  with  I  until  kI  is  moderately  great,  when 
it  becomes  sensibly 

r^^^ir-^  ^JJk (K) 

In  any  case  the  period  is  independent  of  the  density  of  the 
liquid. 

Some  careful  observations  on  liquid  vibrations  have  been 
recently  made  by  Professor  Guthrie  *,  with  which  it  may  be 
interesting  to  compare  the  results  of  theory.  Professor  Guthrie 
used  troughs  whose  horizontal  section  was  rectangular  and  cir- 
cular.    We  will  take  the  rectangular  section  first. 

Confining  ourselves  to  those  modes  of  vibration  which  de- 
pend on  only  one  horizontal  coordinate,  we  may  take  for  the 
normal  functions 

nirx 
XI  =  cos  ~j—  5 

L  being  the  length  of  the  trough,  n  integral,  and  tV  being 

measured  from  one  end.     The  corresponding  value  of  /c  is  -^. 

Hence,  from  (I),  the  length  of  the  simple  equivalent  pendulum 
is 

nirl  nirl 

L    gTT  +  e^X  ^ 

*  Phil.  Mag.  October  and  November  1875. 

U2 
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When  -|—  is  coiisiderablej  (L)  becomes 

-, (M) 

or,  for  a  closer  approximation, 

L  '■^'"'' 

— (l  +  2<?-ir) (N) 

Fornnila  (M)  was  found  by  Professor  Guthrie  to  agree  with 
observation  when  n=l  or  2.  The  periods  in  the  two  cases  are 
in  the  ratio  1  :  >/  2,  if  the  depth  be  sufficient. 

If  the  tlepth  bear  a  constant  ratio  to  the  length,  (L)  or  (I) 

shows  that  the  period  is  directly  proportional  to  the  square 

root  of  the   linear  dimension;  and   the  same  law  will  obtain 

when  the  depth  is  great,  whatever  the  absolute  value  may  be. 

If  «  =  1,    the   points    of  constant   elevation    occur    when 

x—-^  (that  is,  in  the  middle  of  the  length)  ;  and  if  ?i  =  2,  when 
ii 

.r=  -T-  or  -T  .     The  maximum  elevations  (or  depressions)  are 
4  4 

eqxial. 

These  results  take  into  account  inertia  and  gravity  only. 
From  some  expressions  in  his  paper  Professor  Guthrie  Avould 
appear  to  attribute  the  effect  of  shallowness  in  increasing  the 
period  to  friction.  No  doubt  friction  must  act  in  this  direc- 
tion ;  but  its  immediate  effect  is  on  the  amplitude,  and  not  on 
the  period.  In  all  ordinary  cases  the  action  of  insufficient 
depth  may  be  sufficiently  accounted  for  by  the  increase  of 
the  effective  inertia  due  to  the  contraction  of  the  chan- 
nels along  Avhich  the  liquid  flows,  in  the  same  way  as  the 
pitch  of  an  organ-pipe  is  lowered  r)y  an  obstruction  at  the 
mouth.  In  such  vessels  as  those  used  by  Professor  Guthrie 
it  may  be  doubted  whether  friction  and  capillarity  have  any 
sensible  influence  on  the  periodic  time. 

The  theory  for  the  circular  trough  depends  on  the  class  of 
functions  named  after  Bessel,  which  are  an  extreme  case  of 
Laplace's  spherical  functions.  For  the  symmetrical  vibrations 
we  have 

u  =  ^Ikv), (0) 

being  the  radius  vector ;  and  if  R  be  the  radius  of  the  vessel, 
K  is  a  root  of 

JU«R)=o (P) 

If  .i'  =  /<:R,  the  values  of  x  satisfying  (P)  are  3-832,  7'015, 
10-174,  &c.,  of  Avhich  only  the  first  belongs  to  the  cases  experi- 
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mentod  on  by  Professor  Guthrie.  Tlie  approximate  fonnula 
for  the  length  of  the  simple  equivalent  pendulum  correspond- 
ing to  (N)  is 

g^ljCl  +  LV-"^),  .       .       .       .       (Q) 

or,  when  /  Is  considerable, 

IlH- 3-832  simply (R) 

Professor  Guthrie  compares  his  obserwitions  with  a  pendulum 
of  length  ll-T-4,  and  finds  a  fair  agreement,  which,  however, 
Avould  be  improved  by  the  substitution  of  the  theoretical  for- 
mula (R). 

According  to  (0)  the  place  of  zero  elevation  and  depression 
occurs  when 

r=|^^R=-6277R. 

According  to  observation, 

r=§R=-66G7R. 

From  the  Tables  of  Bessel's  functions  it  appears  that  the  am- 
plitude at  the  edge  of  the  vessel  is  '403  of  that  at  the  centre. 
Professor  Guthrie  makes  this  "5. 

For  the  next  set  of  vibrations  in  a  circular  dish  w  is  of  the 
form 

?<=  sin  ^  Ji(«:v'), 

where  the  admissible  values  of  acR  are  1*841,  5'332,  8'536,  &c. 
Hence  for  the  gravest  of  this  group  the  length  of  the  equiva- 
lent pendulum  is 

R^l-841 (S) 

In  this  group  of  modes  the  elevation  vanishes  at  all  points  along 
a  certain  diameter  (^=0). 
In  the  third  group  we  have 

?<  =  sin  2^  J2(A:r), 

and  the  admissible  values  of  /cR  are  3*054,  6"705,  9*965,  <S:c. 
For  the  gravest  of  these  the  length  of  the  equivalent  pendu- 
lum is 

R-h3-054, (T) 

if  the  depth  be  sufficient.     The  elevation  vanishes  along  two 

TT 

pei'pendicular  diameters  (^  =  0,  d=  ■^)- 

In  the  fourth  group  there  would  be  three  diameters  for  which 
u  =  0  ;  and  the  length  of  the  pendulum  isochronous  with  the 
gravest  mode  will  be 

R^4-201 (U) 
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The  frequencies  of  vibration  in  tiie  three  gravest  modes,  being 
inversely  as  the  square  root  of  the  corresponding  pendulum- 
lengths,  are  in  the  ratio 

1  : 1-29  : 1-44. 

Professor  Guthrie's  observations  give  for  tlio  value  of  these 
ratios 

1  : 1-31  : 1-48. 

Possibly  too  low  a  frequency  is  attributed  to  the  gravest  vibra- 
tion from  the  effect  of  insufficient  depth. 

When  the  complete  theory  of  the  free  vibrations  of  any  sys- 
tem is  thoroughly  known,  it  is  in  general  easy  to  investigate 
the  effect  of  periodic  forces.      If  w^,  ii2,  &c.  are  the  normal 

functions,  and  — j  — ,  &c.  the  periods  of  the  corresponding 

2-77 

free  vibrations,  the  effect  of  forces  whose  period  is  —  can  be 

.    .    P 
expressed  in  terms  of  the  effect  produced  by  similar  forces  of 

infinite  period,  which  last  can  be  calculated  statically.     Thus, 

if  the  solution   of  the  problem  according  to  the  equilibrium 

theory  is 

A^iii  cos 2)t  +  Ao^/g  Gos 2}t  +  . .  • , 

the  true  solution  as  modified  by  the  inertia  of  the  svstem  will 
be 

Ai«2  .   .    A,7il 


1^  111  COS pt  +  ^    ^    tl2C0Spt  +  ... 


n'^ — p^  n| — p^ 


Let  us  calculate  in  this  way  the  motion  in  a  circular  cylin- 
drical basin  due  to  a  small  horizontal  force  acting  uniformly 
throughout  the  mass  of  liquid,  but  variable  with  the  time 
according  to  the  harmonic  law.  The  equilibrium  value  of  h 
(the  elevation)  is  evidently 

h  =  r  cos  6  cos  p)t ; 

and  the  only  difficulty  consists  in  expressing  r  by  a  series  of 
Bessel's  functions  Ji.     It  may  be  proved  that 

_       2Ji(/gr)  2Ji(/g2r)  .^. 

where  Ki,  k^,  &c.  are  the  roots  of  J\(«:)  =  0,  and  the  radius  E, 
is  taken  as  unity.  Thus  the  true  value  of  h  (after  the  motion 
has  been  going  on  long  enough  to  be  independent  of  initial 
circumstances)  is 

7,  _  ^^^1  cos|)^  cos  6  3^{Kir)  .„r>. 
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the  summation  being  extended  to  all  the  admissible  values  of 
K.     The  value  of  n?  is  given  by 


n"^  =^gK 


e^'  +  e- 


If  the  system  bo  at  rest  at<  =  0,  and  displaced  according  to  the 
law  h  =  r  cos  0  (that  is,  with  an  inclined  plane  surface),  the  sub- 
sequent motion  is  given  in  rapidly  converging  series  by 

,      2Ji(/Ci>')  cos  ^  ,      2 J, (/Cor)  cos  ^  ,  ,  .^v 

(/c^— l)Ji(«i)  («-  — l)Ji(«2) 

P.S. — Some  recent  observations  on  the  periods  of  the  oscil- 
lations of  water  in  a  large  circular  tank  may  be  worth  record- 
ing. The  radius  of  the  tank  is  60*3  inches,  and  the  depth 
about  43  inches.  The  oscillations  were  excited  by  dipping 
one  or  more  buckets  synchronously  with  the  beats  of  a  metro- 
nome set  approximately  beforehand.  Soon  after  the  with- 
drawal of  the  buckets  the  vibrations  were  counted  (in  most 
cases  for  five  minutes),  and  the  results  reduced  for  a  space  of 
one  minute. 

Gravest  symmetrical  mode. — Frequency  by  observation  47*3. 
The  theoretical  result  for  an  infinite  depth  is  47*32,  and  for 
actual  depth  47'13. 

Next  liighest  symmetrical  mode. — By  observation,  frequency 
=  64*1,  by  theory  64"02.     In  this  case  the  correction  for  finite 
depth  is  insensible,  and  the  length  of  the  equivalent  pendulum 
=  Rh-7-015. 

Gravest  mode  icith  one  nodal  diameter. — By  observation, 
frequencv  =  30'0.  B v  theorv,  for  infinite  depth  32*8 1,  for  actual 
depth  30-48. 

One  nodal  diameter  and  one  nodal  circle. — By  observation, 
frequency  =56*0,  by  theory  55*8.  The  length  of  equivalent 
pendulum  =E,-r-5'332. 

Tico  nodal  diameters. — By  observation,  frequency  =41*5. 
By  theory,  for  infinite  depth  42*09,  for  actual  depth  41*59. 

The  agreement  between  theory  and  observation  is  as  close 
as  could  be  expected. 

I  have  lately  seen  a  memoir  by  M.  Bousslnesq  (1871, 
Comptes  Renchis,  vol.  Ixxii.),  in  which  is  contained  a  theory  of 
the  solitary  wave  very  similar  to  that  of  this  paper.  So  far  as 
our  results  are  common,  the  credit  of  priority  belongs  of  course 
to  M.  Boussinesq. 
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XXXIII.  On  the  Serpentinlte  of  the  Lizard — its  Onginal  Rock- 
condition,  ^feth^/Iotie  Phenomena,  and  Structural  Sinmlations 
of  Orqanisnis.     By  Professors  William  King,  D.Sc.  Sfc.y 
and  T^  H.  Rowney,  Ph.D.  S^c* 
[Plate  II.] 

Its  Original  Rock-condition. 

DE  LA  BECHE,  referring  to  the  "  apparent  passage  ^^  of 
hornblende  slate  into  serpentine  rock  at  Poltreath  and 
other  places,  remarks  that  the  phenomenon  is  "  somewhat  em- 
barrassing, inasmnch  as  there  is  reason  to  conclude,  from  the 
granwacke  conglomerate  at  the  Nare  Point  in  the  north  part 
of  the  Lizard  district,  that  hornblende  slates  were  in  existence, 
forming  a  surface  from  which  large  portions  were  abraded  by 
the  action  of  water,  while  the  serpentine  and  diallage  rocks  of 
the  Lizard  were  not  formed;  for  rounded  pieces  of  the  hornblende 
slate,  though  rare,  are  found  in  the  conglomerate,  while  no 
trace  has  yet  been  discovered  of  either  serpentine  or  diallage 
rock,  though  the  latter  especially  is  of  great  hardness,  and 
therefore  quite  as  likely  as  the  hornblende  rock  to  resist  com- 
minution into  fine  sand,  and  the  two  former  are  nearer  to  the 
conglomerate  than  the  latter."  He  also  observes,  "  in  contra- 
diction to  this  apparent  passage,  we  find  a  mass  of  serpentine 
amid  the  hornblende  slate  between  Dranna  Point  and  Port- 
halla,  on  the  north  of  the  principal  mass  of  serpentine, 
which  has  every  appearance  of  having  been  thrust  up  among 
the  hornblende  slate,  twisting  and  contorting  the  laminae  ad- 
joining it  in  directions  which  we  should  consider  consistent 
with  the  passage  of  the  serpentine  in  a  state  of  igneous  fusion 
through  them.  As  a  whole,  however,  the  hornblende  slate  and 
rock  seem  to  have  formed  a  basin  into  which  the  serpentine 
and  diallage  rock  have  been  poured  in  a  state  of  fusion"  t- 

From  observations  which  one  of  us  made  during  a  few  days' 
examination  of  the  Lizard  in  the  summer  of  1873,  kindly  aided 
by  Mr.  ^Y.  V.  Symons,  manager  of  the  Poltesco  Marble  Works, 
we  are  ready  to  admit  that  the  serpentine  rock  of  that  district 
occurs  both*^as  interstratified  and  intersecting  masses. 

On  the  east  side  of  Poltesco  Cove  there  is  a  hard  heavy  rock 
in  well-marked  thick  beds,  composed  of  darkish  green  and 
o-repsh  alternating  laminae  lying  strictly  parallel  with  the 
planes  of  bedding,  and  porphyritic  through  the  presence  of 
innumerable  disformed  crystals  of  a  kind  hereafter  to  be  de- 
scribed. The  green  lamina  consist  of  impure  serpentine,  ap- 
parently highly  aluminous  ;  and  the  grey  ones  are  seemingly  an 

*  Communicated  by  the  Authors. 

t  Geological  Report  on  Corn^nall,  Devon,  and  West  Somersetshire, 
p.  30  (1839j. 
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intimate  mixturo  of  felspatliic  and  (luartzy  nuittcr.  The  laniinfC 
arc  r(><rular,  even,  and  widely  continuons,  so  that  they  have 
([nite  the  appearance  of  having  resulted  from  sedimentation. 
On  the  other  hand,  there  are  places  in  the  neighhourhood, 
especially  on  the  shore  between  Poltesco  and  Kenwick  Cove, 
where  a  rock,  essentially  serpentine,  encloses  S('])arate(l  masses, 
in  beds,  of  semimetamorphosed  sandstones  and  ar<^illites,  the 
latter  possessino-  the  character  of  imperfect  hornblende  schists. 

These  no  doubt  would  be  "embarrassing"  cases  to  De  laBeche; 
but  now  that  important  discoveries  connected  with  serpentine 
have  of  late  years  been  made,  they  cease  to  be  such  any  longer. 
Hence  we  shall  adoj)t  the  opinion  (fully  contirmed  by  our  own 
researches  in  ophite)  entertained  by  some  of  the  leading  mine- 
ralogists and  mineralogical  chemists  (Bischof,  Dana,  Gr.  Rose, 
Blum,  Haidinger,  and  others),  and  disputed  by  only  one  autho- 
rity of  eminence*,  that  serpentine  is  in  all  cases  the  product 
of  chemical  changes  or  methylosis,  effected  in  a  preexisting 
mineral  or  rock  of  another  kind,  and  analogous  to  pseudomor- 
phism in  crystalline  solids.  Obviously  changes  of  the  kind 
may  take  place  in  igneous  as  well  as  metamorphic  rocks,  mean- 
ing by  the  latter  term  aqueous  deposits  that  have  undergone  a 
superinduced  crystalline  or  structural  transformation. 

As  regards  the  intersecting  masses  above  noticed,  it  seems 
almost  certain  that  they  were  originally  igneous  injections  ; 
and  with  respect  to  the  bedded  masses,  such  as  the  one  occur- 
ring at  the  mouth  of  Poltesco  Cove,  it  would  seem  probable 
that  they  have  been  in  their  origin  argillaceous  and  arenaceous 
sediments,  which  became  converted  into  hornblende  schists, 
gneiss,  and  other  metamorphics. 

There  are  various  kinds  of  igneous  rocks  in  the  Lizard  : 
some  are  hornblendic  or  dioritic  ;  others,  in  the  form  of  inter- 
secting dykes  and  intercalary  beds,  are  pyroxenic  or  doleritic. 
AVe  have  little  to  say  respecting  the  former,  as  time  would  not 
admit  of  their  being  properly  examined  on  the  occasion  already 
notified.  We  shall  therefore  offer  no  decided  opinion  as  to 
whether  any  of  the  Lizard  serpentinite  is  a  methylosed  form 
of  an  igneous  hornblendic  rock  ;  but  it  may  be  remarked  that 
the  hypersthene  variety  of  the  latter,  occurring  at  Crouza  and 
other  places,  seems,  if  itself  is  not  a  changed  product  f,  to  have 
been  converted  into  the  so-called  diallage,  connnon  in  some  of 
the  serpentinites.  "VVe  have,  however,  to  notice  a  fact  which 
goes  far  to  prove  that  much  of  the  latter  rock  around  Poltesco 
Cove  was  originally  a  dolerite. 

*  Dr.  Steriy  Hunt  maintains  that  serpentine  is  an  orif^iual  chemical 
precii^itate. 

t  The  Crouza  stone  has  much  the  appearance  of  having  underfrone  a 
change ;  so  that  it  may  have  been  originally  like  the  hyporsthcuite  of  Vol- 
persdorf,  Moravia. 
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Dr.  Hanobton  lias  appropriately  called  the  rocks  we  are  en- 
gaged with  porphyritic  serpentine,  on  account  of  the  abundance 
of  rude  crystalline  forms  imbedded  in  its  amorphous  base. 
When  large  and  coarsely  laminated,  these  bodies  have  much 
the  appearance  of  altered  diallage;  but  in  very  many  cases  we 
have  no  doubt  of  their  representing  another  mineral. 

Fig.  1,  Plate  II.,  gives  the  outline  of  one  of  the  rude  crys- 
talline forms,  which  are  usually  so  crushed  out  of  shape  as  to 
be  rendered  undefinable.  In  this  example,  however,  we  have 
succeeded  in  determining  the  usually  modified  crystal  of 
pyroxene — a  short  oblique  rhombic  prism :  the  observed  three 
faces  correspond  with  those  belonging  to  its  front  (or  1)ack)  *. 
The  crystal  does  not  now  consist  of  pyroxene  ;  on  the  contrary, 
its  substance  has  quite  the  appearance  of  chlorite,  in  colour, 
lustre,  and  cleavage.  Fig.  2  represents  a  transverse  section  of 
another  crystal,  showing  its  form  and  chlorite-like  cleavage. 
In  many  cases  the  latter  character  is  rather  coarse,  which,  with 
a  metallic  lustre,  reminds  one  of  bronzite.  At  first  we  ima- 
gined the  crystals  to  consist  of  a  lamellar  allomorph  of  serpen- 
tine ;  but,  whatever  their  substance  may  be,  there  can  be  no 
doubt  that  they  are  pseudomorphs  after  pyroxene. 

The  Lizard  serpentine  rock  has  its  counterpart  in  the  north 
of  Italy — the  latter  being  porphyritic,  and  charged  with  crushed 
crystals  apparently  similar  to  those  just  described.  In  the 
east  and  south-east  of  Europe  there  are  igneous  rocks  strongly 
suggestive  as  to  the  original  character  of  our  home  rock,  viz. 
the   wackite    of  Schima,   Bohemia,  which  contains  both  py- 


*  The  three  faces  might  be  mistaken  for  laterals.  What  gives  rise  to 
this  false  appearance  is,  that  the  two  faces  forming  the  hottom,  also  the  top, 
(if  we  may  be  excused  using  such  non-technical  terms,  applicable,  how- 
ever, to  an  oblique  solid)  of  an  ordinary  crystal  of  pyroxene  are  generally 
unequally  trimcated,  one  (say,  belonging  to  the  top)  being  deeper  or  lower 
and  consequently  larger  than  the  other.  In  fig.  1  the  largest  and  deepest 
face  forms  the  left  slope  of  the  top,  and  the  corresponding  one  the  right 
slope  of  the  bottom,  which  peculiarity,  it  will  be  obsen-ed,  causes  the  solid 
to  appear  inclined  in  this  aspect.  Thefrout  and  back  of  acrystal  of  pyroxene 
are  often  similarly  modified  (that  is,  unequally),  so  that  the  vertical  echoes 
bounding  the  central  face  of  the  front,  instead  of  being  opposite  to  their 
analogues  of  thebaclr,  are  usually  opposite  to  the/wesof  this  part.  It  is 
this  peculiarity  which  has  produced  the  vertical  ridges  and  furrows  com- 
monly seen  on  the  crystalline  forms  in  the  Lizard  serpentinite  ;  for  it  will 
be  vmderstood  that  edges  when  opposite  to  each  other  must  offer  more 
resistance  to  pres^sure  than  when  they  are  not  opposite :  hence  it  is  that 
a  face  belonging  to  the  front  of  these  forms  is  crushed  in  against  an  edge 
belonging  to  the  corresponding  or  opposite  part,  the  one  making  a  furrow 
and  the  other  a  ridge.  These  forms  cannot  have  been  originally  horn- 
blende, or  the  obser%-ed  central  face  would  have  been  less  acutely  rhom- 
boidal,  and  it  would  have  been  lateral:  in  the  usual  crystal  of  hornblende 
the  front  and  back  consist  each  of  two  faces ;  as  may  be  gathered  from 
the  above,  each  of  these  parts  in  pyroxene  consists  of  three  faces. 
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roxeno  and  bornblende.  But  we  entertain  a  suspicion  that  the 
porphyritic  pyroxenic  rock  (a  hard  wackite)  of  Bufanrc  in  the 
Val  di  Fassa,  Tyrol,  wliich  contains  crystals  of  pyroxene  of  the 
aA'crage  size  of  the  Cornish  jisiHidoniorphs,  is  a  still  nearer 
counterpart.  It  must  also  he  Ijorne  in  mind  that  at  Monzoni, 
in  the  same  re^^ion,  porphyritic  pyroxenite  passes  into  serpen- 
tine rocks,  some  of  which  contain  crystals  in  various  stages  of 
pseudomorphism,  ending  in  perfect  serpentine. 

The  Lizard  serpentine  is  not  characterized  with  many  struc- 
tural vari(>ties  or  allomorphs.  Chrysotlle,  which  is  the  only 
one  we  are  acquainted  with,  does  not  occur  to  any  extent. 
Thin  veins  of  it,  variously  intersecting  the  serpentines,  are  to 
be  seen  passing  from  amoi'phousness,  through  the  incipient, 
into  the  fully  developed  or  normal  condition.  Fig.  3  repre- 
sents a  vein  subdivided  into  three  layers  in  different  states : 
a,  layer  of  incipient  chrysotile,  whose  substance,  in  being  sim- 
ply marked  at  distances  (as  in  stylolitic  structure)  with  faint 
dark  parallel  lines,  is  still  manifestly  serpentine  ;  b,  layer  of 
normal  chrysotile,  which  is  a  mass  of  white  glistening  parallel 
fibres,  so  injinitely  divisible  that  it  is  impossible  to  determine 
their  form,  any  more  than  that  of  the  fibres  of  asbestos,  with 
the  highest  magnifying-power*. 

As  yet  we  have  failed  to  detect  any  varietal  examples  of 
chrysotile  with  a  definite  acicular  structure,  such  as  occurs 
in  many  ophites,  and  more  or  less  separated  by  films  of  calcite. 
In  one  instance  calcite  is  present  in  the  laver  c,  but  dividing 
it  ni  two  halves. 

Its  Methylotic  Phenomena. 

Not  only  may  it  be  assumed  that  the  serpentinite  of  the 
Lizard  was  originally  a  different  rock  which  became  methv- 
losed,  but  we  have  every  reason  to  believe  that  its  essential 
mineral  constituent,  in  itself,  has  undergone  further  changes  of 
the  kind. 

Many  of  our  specimens,  notably  from  Kynance  Cove,  in 
addition  to  their  various  shades  of  green  (from  pale  to  nearly 
black),  show  the  serpentine  gradually  changing  into  browii, 
pale  yellow,  and  cream-colour.  Often  the  change  is  manifested 
by  the  serpentine  becoming  sinuously  banded  like  chalcedony 
in  agates,  the  bands  of  different  colours  and  various  degrees  of 
lustre  blending,  or  abruptly  meeting,  with  the  most  beautiful 
effect  (fig.  4).  This  is  heightened  by  the  substance  of  the 
bands  occasionally  appearing  as  if  it  had  been  in  a  gelatinous 

*  Altliough  the  incipient  and  normal  kinds  of  chrysotile  may  be  dis- 
tinguished from  each  other,  as  in  the  text,  yet  the  one  is  occasionally  coh- 
vertib;-!  into  the  other  by  mechanical  appliances,  as  rubbing;  which 
reminds  us  of  double-refracting  calcite,  whose  cleavage,  to  all  appearance 
nil,  is  developed  by  a  blow  of  the  hammer. 
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condition.  Very  frequently  frroen  serpentine  occurs  in  iso- 
lated pieces  of  various  forms  (often  angular),  and  of  all  sizes 
down  to  that  of  a  pin's  head,  separated  by  a  paler-coloured 
variety :  the  latter  has  the  appearance  in  many  cases  as  if  it 
had  run  into  the  separations. 

In  most  cases  the  pale-coloured  mineral  is  saponite,  which 
differs  from  serpentine  simply  and  essentially  in  containing  a 
nuiltii)le  more  of  water;  nevertheless  saponite  is  generally 
taken  by  mineralogists  to  be  a  chemically  changed  product. 
We  may  therefore  safely  look  upon  the  Cornish  examples 
under  notice,  considering  their  associations  and  mode  of  occur- 
rence, as  having  originated  from  serpentine  through  the  latter 
becominor  charoed  with  additional  water  "*. 

Assuming  the  conversion  of  serpentnie  into  saponite,  are  we 
to  consider  that  tlie  change  is  never  carried  further  than  the 
production  of  a  mineral  silicate  ?  that  this  latter  cannot  be  re- 
placed by  some  other  mineral  with  a  different  acid  ?  This  would 
be  in  opposition  to  the  teaching  of  the  numerous  instances 
known  as  pseudomorphs,  and  contrary  to  the  opinion  we  have 
expressed  on  former  occasions.  The  evidences  hitherto  adduced 
by  ourselves  are  with  diificulty  appreciated,  on  account  of  their 
requiring  the  most  careful  microscopic  observations.  We  are 
now,  however,  enabled  to  bring  forward  evidences  which 
require  no  more  than  a  hand  magnifier  to  be  observed  with 
their  full  meaning. 

One  most  distinctive  peculiarity  which  separates  the  Lizard 
serpentinite  from  a  number  of  other  rocks  of  the  kind,  occur- 
rino-  in  other  places,  is  the  absence  in  it  of  the  variety  called 
ophite :  consequently  the  intimate  association  of  calcite  and 
dolomite  with  serpentine,  as  in  the  latter  rock,  is  exceedingly 
rare  in  the  Lizard.  The  few  exceptions  we  are  acquainted  with 
were  only  obtained  after  considerable  delay  and  difficulty. 

In  a  few  of  our  specimens  showing  the  serpentine  passing 
into  saponite,  the  latter  mineral  is  occasionally  affected  with  a 
double  divisional  structure — an  imperfectly  developed  form  of 
cleavage,  its  two  directions  intersecting  each  other  obliquely 
and  at  an  acute  angle  f-  In  certain  places  a  mass  of  saponite 
is  defined  on  one  side  by  a  zigzag  edge ;  next  to  wdiich  there 
is  a  mass  of  calcite  containing  a  number  of  ridges,  in  the  shape 
of  the  figure  7,  formed  of  saponite,  separated  from  the  zigzag 
edo-e,  and  having  their  two  limbs  strictly  parallel  to  the  two 
directions  of  the  latter  (see  fig.  5).     Besides,  the  two  direc- 

*  Serpentine  consists  of  Silica  43,  Magnesia  44,  A^'ater  13.  According 
to  Haughton,  Comisli  saponite  contains  Silica  42-28,  Magnesia  29-70,  Alu- 
mina 7-21,  Water  18-92.  Serpentine,  it  must  be  noted,  often  contains 
Alumina. 

t  Serpentine  is  occasionally  affected  with  a  similar  cleavage.  See 
Proc.  Roy.  Irish  Acad.  vol.  x.  pi.  43.  fig.  8. 
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tions  of  the  /i<T;zan;  edge  and  the  two  limbs  of  tlio  ridges  strictly 
correspond  with  the  two  cleavages  above  mentioned.  Obvi- 
onsly,  then,  there  is  an  intimate  connexion  between  these  three 
formations  ;  and  no  one  can  observe  the  ridges  without  feeling 
convinced  that  they  were  once  integral  portions  of  the  adjacent 
mass  of  saponite,  also  that  the  presence  of  calcite  in  the  inter- 
mediate spaces  is  an  interpolated  phenomenon.  Moreover,  on 
farther  consideration  another  conclusion  irresistibly  forces 
itself  into  notice — that  the  intermediate  spaces  were  once  oc- 
cupied with  saponite,  which,  having  been  removed,  has  under- 
gone replacement  by  the  calcite  now  occupying  them.  As  in 
the  case  of  an  outlying  reef  of  rock  that  has  been  separated 
from  the  mainland  by  the  gradual  removal  of  an  intermediate 
mass  of  rock,  and  the  latter  replaced  by  the  sand  now  occupy- 
ing the  denuded  space,  so  it  must  have  been  Avith  the  outlying 
ridges  of  saponite  and  the  calcitic  interspaces. 

it  may  be  suggested  with  regard  to  the  latter  interspaces, 
that  they  are  the  result  of  cracks,  widened  by  some  cause  or 
other,  and  subsequently  filled  up  with  a  deposition  of  calcite  ; 
but  this  is  completely  disproved  by  their  being  ghaped  like  the 
ridges.  The  portion  corresponding  with,  say,  the  downward 
limb  of  the  ridges  might  be  produced  by  a  Avidened  crack  ;  but 
in  such  a  case  the  origin  of  the  other  or  transverse  portion  must 
be  the  same.  Again,  the  slightest  reflection  on  the  integrity, 
relative  position,  and  uninterrupted  connexion  of  the  two  limbs 
of  the  ridges  must  deprive  the  suggestion  of  every  probability. 

Guided  by  what  we  have  very  frequently  observed  in  ophite 
(clearly  leading  to  the  conclusion  that  serpentine  has  been  gra- 
dually replaced  by  calcite),  Ave  have  no  hesitation  in  offering, 
in  general  terms,  the  same  explanation  for  the  case  under 
notice  *.  

*  "SVe  would  sugg-est  the  following  as         ( 
the  particular  way  in  which  it  may  have  / 

been  produced.  As  the  saponite  is  in-  \ 
tennittcnthj  cJenved,  it  is  consequently 
liable  to  be  disintegrated  or  decomposed 
here  and  there  where  the  cleavage  is  pre- 
sent, and  to  retain  its  compact  condition 
where  there  is  uo  such  divisional  structure 
dcA^eloped.  Let  it  be  conceived  that  a 
mass  of  saponite  was  intermittently 
cleaA'ed,  as  in  the  annexed  woodcut  (which 
it  will  be  seen  is  a  /"«c  simile  in  outline  of 
fig.  5)  ;  the  ckavcd  portions  will  thus  be 
rendered    ea«ilv    aflected   bv    dissolving      ^^.  7 

agencies  {e.  q.  a  carbonated  "solution),  so  l»ia?ram  showmg  a  mass  ol 
that  while  their  saponite  is  removed  and  saponite  w^th  cleavage  in- 
replaced  bv  calcite,  the  same  substance  termittently  developed, 
will  remaiii  untouched  in  the  nndeaved  Ihe  non-lineated  portions 
portions.  consist  of  uncleaved  sapo- 
^            '  nite. 
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^Similarly  demonstrative  is  another  fact  to  be  mentioned.  The 
mineral  coloured  red  in  our  Plate,  which  we  provisionally  con- 
sider to  be  a  variety  of  tremolite  *,  consists,  in  the  specimen 
represented  in  fig.  G,  of  a  mass  of  di\'ergent  fibres  that  origi- 
nated in  the  outer  layer,  a  ;  the  mass  is  closed  in  by  serpentine, 
saponite,  and  calcite,  the  latter  being  in  immediate  contact  with 
its  right  side.  It  will  be  observed  that  there  is  an  absence  of 
the  outer  layer  on  this  side  of  the  tremolite,  and  yet  the  cha- 
racteristic fibres  are  present  in  the  adjacent  portion  of  the 
mass.  What  haxe  these  fibres  originated  from?  Clearly 
from  the  same  layer  as  all  the  others.  Then  can  we  do  otherAvise 
than  amplify  our  answer  by  stating  that  the  layer  in  which 
they  h;id  their  origin  has  disappeared  ?  And  are  we  not  equally 
warranted  in  unreservedly  maintaining  that  the  layer  has  been 
simultaneously  replaced  by  the  calcite  occupying  its  place? 

Serpentine  rocks  occurring  in  other  places  have  furnished 
us  with  numerous  e^-idences  of  the  same  kind  resulting  from 
chemical  changes,  but  in  other  minerals,  as  serpentine  and 
malacolite.  Examples  of  chrysotile  (an  allomorph  of  serpen- 
tine) changing  into  calcite  have  also  occurred  to  us  in  ophites 
from  Connemara  and  Italy  f :  in  the  latter  instances  the  change 
had  not  destroyed  the  fibrous  structure  of  the  replaced  mineral. 
Veins  of  fibrous  dolomite  are  not  uncommon  in  the  Cornish 
serpentine  ;  but  we  have  not  succeeded  in  procuring  any  which 
we  can  affirm  to  be  pseudomorphic  after  chrysotile,  though  a 
strong  suspicion  may  be  entertained  that  the  A-eins  referred  to 
are  of  this  nature.  As  somcAvhat  countenancing  such  a  sus- 
picion, AA'e  haA'e  the  fact  that  these  veins  occur  intersecting  sapo- 
nite, and  that,  while  some  of  them  are  indefinitely  fibrous  like 
chrysotile  here,  they  are  decidedly  columnar  or  prismatic 
there,  and  Avithout  any  structure  of  either  kind  in  another 
])art :  in  the  latter  case  the  mineral  is  more  or  less  affected 
Avith  rhombohedral  cleavage.  Fig.  7  represents  a  thin  A'ein  in 
these  three  conditions,  as  displayed  in  specimens  collected  near 
PlenAvick  CoA^e. 

But  though  admitting  that  the  last  cases  are  not  directly  to 
the  purpose  in  hand,  Ave  must  take  a  different  AacAv  of  some 
yet  to  be  briefly  noticed.  Fig.  8  represents  tAvo  cylindrical 
rods  composed  of  saponite  ;  fig.  9,  other  four  of  serpentine:  both 

*  TMs  mineral  is  usually  of  a  reddish  colour,  AvLite  where  it  is  gra- 
nular. Amorphous  gTeen  serpentine  is  occasionally  intermixed  A\ith  it. 
A  qualitatiye  analysis  (the  only  one  Ave  have  succeeded  in  obtaining) 
aftbrded  silica,  alumina,  magnesia,  and  lime,  which,  with  a  divergent 
tjhrous  structure  and  the  absence  of  water,  leads  us  to  suggest  the  identi- 
fication given  in  the  text. 

t  Proceedings  of  the  Eoyal  Irish  Academv,  vol.  x.  pi.  42.  tig.  G ;  pi.  4.4. 

fi?:.  9. 
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cases  are  imbodclod  in  treniolito.  "We  lune  represented  in  fig. 
10  two  more  rods  of  serpentine,  but  imbedded  in  caleite ;  and 
in  fig.  11,  other  four  composed  of  caleite  (dissolved  out  by  de- 
calcification) and  imbeddetl  in  tremolite.  Evidently  in  all 
these  cases  we  have  different  results  from  chemical  changes; 
while  one  of  them,  just  like  those  represented  in  figs.  5  and 
I),  unmistakably  makes  it  known  that  caleite  is  one  of  the  pro- 
ducts of  these  changes. 

Dr.  Sterry  Hunt  has  pronounced  that  we  are  transmuta- 
tionists  holding  "  extravagant  views."  Nevertheless  this  is  no 
proof  that  we  are  wrong.  AVithout  going  into  the  various  evi- 
dences Avhich  have  been  adduced  in  our  former  papers,  we 
Avould  simply  submit  that  the  cases  adduced  in  the  present 
communication  are  a  sufficient  answer  to  the  vivacious  utter- 
ances of  our  esteemed  fellow  labourer,  and  that  they  alone 
are  of  more  weight  in  a  scientific  discussion  than  all  the  inge- 
nious elaborations,  devoid  as  they  are  of  any  reliable  and  tan- 
gible e%"idences,  which  he  has  brought  forward  in  support  of  his 
dogma  that  serpentine  and  other  mineral  silicates  (steatite, 
hornblende,  pyroxene),  also  the  caleite  associated  with  them, 
characterizing  the  Laurentian  ophites  of  Canada,  Avere  ''  directly 
deposited  as  chemical  precipitates," — '^  formed  by  a  crystalli- 
zation and  molecular  rearrangement  of  silicates  generated  by 
chemical  processes  in  waters  at  the  earth's  surface,"  and  "  not 
by  subsequent  metamorphism  in  deeply  buried  sediments" *. 

*  Chemical  and  Geological  Essays,  p.  300 ;  Geology  of  Canada,  1866, 
p.  577  ;  Quart.  Jouni.  Geol.  Society,  vol.  xxi.  p.  70,  &c.  If  Giimbel  advo- 
cates tbis  dogma,  helavs  himself  open  to  adverse  criticism  in  bis  letter,  quoted 
by  Stern-  Hunt  (C.  G.E.  p.  305,  footnote)  : — "I  do  not  maintain  a  metamor- 
phic  origin  for  tbe  primitive  I'ocks ;  for,  altboiigb  these  are  certainly  much 
altered,  there  are  no  firm  and  consolidated  rocks  which  are  not  so."  [is  it  to 
be  understood,  '*  altered  like  those  forming  the.Laurentians  "?]  "They  were 
formed  like,  for  example,  the  limestones  of  more  recent  periods  "  [what 
limestones  ?] :  these  were  once  pastes,  magmas,  or  muds ;  and  so  were  the 
primitive  rocks  at  the  time  of  their  origin  ;  but  during  these  first  ages  of  the 
earth  the  consolidating  and  ciystallizing  forces  (ditiering  in  degree  onlv 
from  those  of  the  present  time,  and  aided  bv  a  higher  temperatm-e)  allowed 
the  magma  to  assume  the  form  of  mineral  sjiecies,  more  or  less  distinct. 
If  we  choose  to  call  this  change  metamorphism,  then  the  rocks  thus  formed 
are  metamorphic :  but  so  are  the  limestones  of  later  periods."  This  is  a 
strangely  inconsistent  way  of  reasoning.  The  "much  altered"  condition 
of  a  large  group  of  rocks  (diorites,  gneisses,  soi-]ientinites,  dolomites,  &c.) 
is  illustrated  by  the  formation  of  "  limestones  of  more  recent  periods.'' 
Why  is  there  no  reference  to  any  contemporaneous  argillaceous  and  arena- 
ceous rocks  containing  substances  convertible  into  mineral  species  with 
forms  "  more  or  less  distinct"?  Again,  excluding  such  iis  Carrara  marble, 
Permian  and  other  dolomites  (whose  metanioqihism  or  methvlosis  we 
have  always  contended  for),  what  other  recent  limestones  have'  assumed 
the  altered  or  crystalline  condition  corresponding  to  that  of  "the  primitiye 
rocks"  ?  Surely  encrinal  and  other  fossiliferous  "limestones  of  more  recent 
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In  some  other  specimens  collected  at  Ky nance  Cove  the  sa- 
ponite  encloses  calcite  on  a  small  scale.  It  is  only  by  iinmer- 
8111  o-  the  specimens  in  a  weak  solution  of  hydrochloric  acid  and 
oxaminino-  them  with  a  magnifier  that  they  can  be  seen  to  con- 
tain here  and  there  patches  and  strings  of  this  mineral.  The 
A-acant  spaces  resulting  from  decalcification  are  often  crowded 
with  projecting  configurations  of  saponite,  presenting  every 
variety  of  form,  including  regular-shaped  aciculse,  and  no  end 
in  shape  of  arborescences. 

The  aciculiB,  pretty  uniform  in  length  and  thickness,  occa- 
sionally form  a  regular  layer  investing  the  wall  of  saponite 
bounding  a  piece  of  calcite  ;  and  they  may  be  in  hnmediate 
contact,  or  separated  by  thin  interspaces  filled  with  calcite. 
In  the  latter  condition  they  line  one  side  of  a  fissure  in  the 
case  represented  in  fig.  12.  In  their  parallelism,  as  well  as 
every  feature,  these  aciculae  of  saponite,  it  will  be  seen,  differ 
in  nothing  except  their  substance  from  those  which  characte- 
rize the  acicular  modification  of  chrysotile  occurring  in  certain 
ophites,  and  forming  the  so-called  "  nummuline  layer  of  Eozoon 
canadense^''  ^. 

The  arborescences  may  be  simple,  or  highly  complex — large, 
or  small.  Fig.  13  represents  a  medium  example — which,  it 
will  be  observed,  closely  agrees  with  typical  examples  of  an- 
other eozoonal  feature,  called  "  canal  system,"  and  common 


periods  "  are  not  regarded  as  sucli !  It  is  not  to  be  disputed  that  tlie  crys- 
talliue  condition  of  the  primitive  rocks  has  been  produced  by  a  crystalli- 
zation of  their  mineral  components ;  but  any  geologist  must  be  aware  that 
fo^siliferous  limestones  are  essentially  crystalline  through  the  organic 
remains  they  contain  having  become  converted  into  calcite,  and  the  in- 
terstitial intiltration  of  calcareous  matter.  What  any  sound  geologist 
will  maintain  respecting  the  present  condition  of  undisputed  metamorphic 
rocks  is  that  it  is  a  superinduced  phenomenon,  matterless  what  the  tem- 
perature may  have  been  that  developed  it ;  and  he  will  reject  as  such 
the  limestones  iust  referred  to.  Carbonate  of  lime,  it  is  well  known, 
ciTstallizes  with  the  greatest  facility.  Oyster-shells,  with  the  animal  still 
livino-  are  often  found  with  their  valves  consisting  of  calcite,  or  Apagonite. 
So  it^happens  that,  besides  the /ossi/s  in  the  "hmestones'  particiilaiized 
beino-  converted  into  calcite,  the  interstices  in  these  rocks  contain  the  same 
mineral  which,  in  the  form  of  a  calcareous  solution,  had  mhltrated  itselt 
into  them.  But  obviously  neither  the  crystallized  fossils,  nor  the  calcitic 
infiltrations,  have  any  analogy  with  the  "pastes,  magmas,  or  muds  ti'oni 
which  the  Laurentian  metamorphics  have  originated,  bterry  ^iu^t  and 
Giimbel  take  very  little  note  of  what  may  be  assumed  as  a  tact  that  the 
Laui-entians  have  been  deeply  buried  in  the  earth  s  crust.  Could  they  in 
this  condition,  aided  by  solutions  and  a  high  tomperature,  remam  without 
imdero-oina:  transformation  and  transmutation  ? 

*  fee  '  Annals  and  Magazine  of  Natural  History,'  8.  4._  vol.  xiv.  pi.  19. 
fiir.  4 ;  also  figures  of  the  same  kind  in  our  previous  memoirs. 
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not  only  in  opliito,  h\\{  in  cliondroditic,  nialacolitlo,  and  other 
rooks  in  dirtlnvnt  regions  ot"  the  globe  (United  States,  Norway, 
and  Ceylon), 

Occasionally  the  saponite  assumes  an  oolitic  structure,  pre- 
senting spherical  grains  which  closely  resemble  the  ova  of  a 
fish.  Fig.  14  represents  a  cluster  of  them,  nestling  as  it  were 
in  a  recess,  as  if  they  had  Ii.'en  purposely  or  instinctively  placed 
there,  and  had  afterwards  got  covered  up  with  a  calcareous  de- 
posit. Many  of  the  grains  are  in  contact ;  others  are  isolatedly 
imbedded  in  the  transparent  calcite  remaining  undissolved 
after  partial  decalcification. 

The  saponite  in  the  mass  also  presents  appearances  as  if  it 
contained  organisms,  entire  and  in  fragments,  distinguished  by 
their  comparative  opacity  in  some  cases  and  translucency  in 
others,  as  in  fig.  15.  These  are  vermicular  bodies — straight, 
curving,  or  tortuous — resembling  wormcasts  and  shell-bear- 
ing annelids  :  one  of  the  latter,  represented  by  the  circular 
body  in  the  corner  of  the  Plate,  appears  like  a  transversetspc- 
tion  of  a  shell  tube,  having  its  interior  filled  with  infilti^ted 
matter.  Examined  by  themselves  these  bodies  are  extremely 
puzzling  as  to  their  origin,  and  it  must  be  admitted  that  they 
have  much  the  appearance  of  the  kind  of  organisms  they 
resemble  ;  but  examined  in  connexion  with  the  various  forms 
assumed  by  serpentine  or  its  varieties,  their  purely  mineral 
origin  becomes  obvious.  The  group  of  pieces  of  serpentine 
shown  in  fig.  16  includes  a  great  diversity  of  forms,  such  as  it 
is  conceivable  would  give  rise  to  simulations  of  the  kind  ;  while 
the  sinuous  bands,  some  translucent  and  others  opaque  (fig.  4), 
would  yield  an  abundant  family  of  tortuous  annelid-like  bodies. 
But  if  the  foregoing  configurations  bear  a  striking  resem- 
blance to  organics  tructures  and  organisms,  what  may  we  not 
say  of  those  next  to  be  described  ? 

Imbedded  in  the  saponite  there  are  occasionally  irregularly 
shaped  aggregations  of  two  kinds  of  bodies,  which  for  the  pre- 
sent may  be  conveniently  termed  ovoids  and  spheres.  The 
ovoids,  besides  fonning  good-sized  complex  aggregations,  occur 
often  sparsely  aggregated,  and  even  sometunes  isolated.  They 
consist,  partly  or  wholly,  of  slender  attenuated  diverging  rods 
with  a  more  or  less  definite  form,  being  in  many  instances 
marked  out  by  white  opaque  bounding  planes  which  enclose  a 
dark  amorj^hous  translucent  interior.  A  transverse  section  of 
the  ovoids,  by  cutting  the  rods  across,  presents  a  singularly 
reticulated  appearance  under  a  magnifying  power  of  87  dia- 
meters. When  the  rods  are  large  the  reticulations  are  deci- 
dedly angular ;  small  rods  give  rise  to  a  circular  reticulation 
(fig.  17).  The  ovoids  consequently  appear  as  if  their  compo- 
Fhil.  Mag.  S.  5.  Vol.  1.  No.  A.^Vprll  1870.  X 
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nent  roJd  were  Avliite-walled  tubules  that  have  become  filled 
with  a  translucent  material.  This  is  particularly  the  case  in 
those  ovoids  composed  of  slender  rods  :  indeed  it  often  requires 
more  than  the  eye  to  determine  that  the  rods  are  solid  ;  for  in 
many  instances  they  appear  like  actual  tubules  in  an  empty 
condition  ! 

In  short,  looking  at  the  ovoids,  whether  a  transverse  or  lon- 
gitudinal section  (fig.  18)  be  under  examination,  they  might 
be  readily  taken  for  fossil  corals  of  the  genus  Stenopora ;  and 
some  resemble  certain  Carboniferous  and  Permian  species  so 
closely  that  a  consideration  of  structural  characters  alone  does 
not  enable  one  to  ditierentiate  them  from  the  organisms  they 
simulate. 

The  spheres  have  also  a  strikingly  organic  appearance. 
Some  specimens  resemble,  when  a  few  are  clustered  together, 
certain  foraminifers — notably  Rotcdia  and  Glohigerina  (fig. 
19*);  Avhile  others  in  an  isolated  state  have  the  resemblance 
of  Orbulinas.  i^ay,  have  w^e  not  an  appearance  of  actualities 
of  the  latter  represented  in  fig.  20  ?  As  shown  in  this  figure, 
two  examples  appear  to  be  perfect  casts  in  serpentine  f ;  and 
all  the  others  have  what  appears  to  be  their  shell-case  not  only 
beautifully  preserved,  but  riddled  with  pseudopodial  pores  I 

Besides  the  ovoids  and  spheres,  the  saponite  contains  patches 
consisting  of  what  may  be  taken  for  closed-cell  structure ;  and 
in  a  few  cases,  as  in  fig.  21,  we  have  detected  another  struc- 
tural form,  resembling,  in  being  canaliculated,  sponge-tissue, 
with  its  walls  appearing  as  if  distinctly  perforated. 

It  may  be  that  the  explanation  we  have  to  offer  to  account 
for  the  origin  of  the  coral-like  bodies  is  not  strictly  correct;  and 
it  is  possible  that  we  are  as  far  from  the  mark  regarding  the 
foraminifer-like  spheres  :  we  also  confess  our  inability  to  offer 
any  solution  of  the  sponge-like  structure  free  from  grave  ob- 
jections. Unlike  the  simulations  in  saponite,  those  last  de- 
scribed do  not  appear  to  have  resulted  from  chemical  changes, 
but  rather,  to  some  extent,  from  structural  modifications  of  the 
mineral  we  have  provisionally  assumed  to  be  tremolite.  Ob- 
serve in  fig.  '2'2  a  specimen  of  this  mineral  in  its  fully  developed 
condition,  consisting  of  prismatic  and  fibrous  fasciculi,  roughly 
speaking,  ovoidal  in  shape.  In  some  fasciculi  their  internal 
structure  is  well  marked ;  Avhile  in  others  it  is  scarcely  to  be 

*  The  specimen  figured  appears  as  if  it  were  a  section  of  a  Glohigerina 
vAi\\  its  chambers  containing  two  or  three  embryos  (black  spots)  ! 

t  The  centre  of  these  two  spheres  is  in  the  condition  of  saponite.  The 
other  spheres  are  greenish  white  in  colour;  evidently  due  to  the  serpentine 
passing  into  the  fiocculent  condition.  All  the  spheres  are  imbedded  in  the 
tremolite. 
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observed,  so  that  their  interior  is  amorphous  and  translucent. 
Again,  where  the  prismatic  structure  is  well  defined,  tlio 
prisms,  especially  if  they  are  large,  have  their  interior  in  tlie 
same  condition*.  These  dilferences  are  clearly  assignable  to 
different  degrees  of  fibrous  and  prismatic  devclojjmcnt. 

Why  some  fasciculi  are  unlimitedly  divided  by  ■which  they 
are  made  eminently  fibrous — why  some  are  formed  of  well-defined 
prisms,  and  others,  instead  of  being  fibrous  or  prismatic,  are  en- 
tirely amorphous — we  shall  make  no  attempt  to  explaiii;  but  it 
may  be  remarked,  with  some  confidence,  that  the  ovoids  resem- 
bling Stenopora  are  each  a  fasciculus  of  prisms  with  their  interior 
in  the  amorphous  condition.  The  remarkable  appearance  of 
empty  tubules  in  the  ovoids  that  are  finely  prismatic  we  assume 
to  be  caused  by  the  interior  of  the  prisms  being  imperfectly 
illuminated:  opaque  walls  would  necessarily  intercept  the  light 
in  its  passage  into  the  interior  of  such  small  prisms. 

With  res})ect  to  the  spheres,  we  would  suggest  that  they  are 
each  the  nucleus,  in  amorphous  serpentine,  of  a  mass  of  radia- 
ting prismatic  tremolite ;  that  the  prisms  radiated  from  and 
originated  on  the  surface  of  the  nuclei,  and  were  characterized 
by  opaque  walls  and  a  translucent  interior ;  that  on  the  sur- 
face of  a  nucleus,  at  their  point  of  attachment,  the  internal  trans- 
lucency  of  the  prisms  produced  the  perforated  appearances,  and 
their  opaque  walls  the  partitions  which  define  the  apparent 
perforations. 

We  cannot  conclude  without  remarking  that,  organic-like 
as  the  foregoing  cases  in  tremolite  appear  to  be  in  our  speci- 
mens, they  are  even  more  so  than  the  figures  we  have  given 
convey  an  idea  of ;  indeed,  although  our  best  has  been  done 
to  give  a  faithful  representation  of  them,  our  efforts  have  fallen 
far  short  of  depicting  v/ith  sufficient  exactness  their  wonderful 
resemblance  to  the  organisms  which  they  simulate. 

EXPLANATION  OF  PLATE  H. 

***  It  will  be  understood  that  the  figures  represent  things  exhibited  in 
a  number  of  specimens.  Although  this  is  the  case,  they  are  always  repre- 
sented in  their  own  matrix  ;  whether  it  be  serpentine,  saponite,  calcite, 
or  tremolite.  The  calcite  having  been  slightly  dissolved  out,  has  its  sm-- 
face  below  that  of  the  other  minerals.  The  four  colours — gi-een,  fawn, 
pale  blue,  and  reddish — respectively'  represent  serpentine,  saponite,  calcite, 
and  tremolite.  Where  any  of  these  minerals  are  in  the  yramdar  or  floc- 
culent  condition,  as  often  is  the  case,  they  are  tchite ;  and  consequently  such 
cases  are  represented  in  this  colour. 

Fig.  1.  A  pseudomorph,  imbedded  in  serpentine,  after  a  crystal  of  py- 

*  Hexagonal  prisms  of  calcite  occasionally  have  a  translucent  interior 
and  an  opaque  exterior,  but  not  due,  as  in  tremolite,  to  structural  variations. 
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roxene,  partly  restored.     It  has  the  colour,  lustre,  and  cleavage  of 
ordiuary  chlorite.     Slightly  magnified. 

Fig.  2.  Transverse  section  of  a  similar  crystal,  showing  its  lamellar  or 
cleavage  structure.     Slightly  magnified. 

Fig.  3.  Vein  of  chrysotilo  composed  of  three  layers :  a,  chrysotile  in  the 
incipient  stage,  i.  e.  green  serpentine  slightly  fibrous ;  b,  in  the  fully 
developed  or  asbestiform  condition ;  c,  a  layer  altei-ed  to  such  an  extent 
that  its  structure  is  nearly  destroyed ;  it  is  divided  in  the  middle  by  a 
film  of  calcite.     Magnified  37  diameters. 

Fig.  4.  Bands  of  serpentine  diflerently  coloured.     Slightly  magnified. 

Fig.  5.  Configurations  shaped  like  the  fitrure  7,  consisting  of  sapouitein  a 
gramdar  condition,  and  consequently  of  a  white  colour.  They  are 
ridges  imbedded  in  calcite,  but  rising  above  the  surface  of  the  matrix 
in  consequence  of  its  being  partially  dissolved. 

Fig.  6.  A  mass  of  mineral  provisionally  identified  with  ti-emolite,  having 
one  side  (right)  removed,  as  shown  by  the  band  a  (everywhere 
else  seen)  being  aljsent.  This  case  may  be  regarded  as  proving  that 
the  calcite  occupj-ing  the  place  of  the  absent  laand  has  replaced  the 
tremolite  which  composed  it.  The  white  diverijing  lines  are  much 
finer,  and  more  numerous  than  are  represented  in  the  figure.  Mag- 
nified 37  diameters. 

Fig.  7.  A  vein  of  dolomite  in  three  structural  conditions — indefinitely 
fibrous,  prismatic,  and  with  rhombohedral  cleavage.  Slightly  magnified. 

Fig.  8.  Piece  of  tremolite  enclosing  two  cylindrical  rods  (seen  on  their 
transverse  section)  ;  their  interior  is  composed  of  saponite,  and  their 
exterior  of  serpentine.  Through  an  oversight,  the  exterior  has  not 
been  coloured  green  in  the  figure.     Magnified  37  diameters. 

Fig.  9.  Piece  of  tremolite  enclosing  four-  cylindrical  rods  composed  of  ser- 
pentine.    Magnified  37  diameters. 

Fig.  10.  One  cylindrical  rod  composed  of  both  white-granular  and  green 
serpentine,  and  another  apparently  with  all  its  serpentine  in  the  white- 
granular  condition.  Both  are  iixed  in  calcite.  The  serpentine  in 
the  centre  of  the  upper  fierure  is  in  a  granular  or  floccident  state,  and 
ought  to  have  been  coloiu'ed  white.     Magnified  37  diameters. 

Fig.  11.  Piece  of  ti-emolite  enclosing  four  cylindrical  rods  composed  of  cal- 
cite :  they  are  now  represented  hv  empty  spaces,  in  consequence  of 
their  component  mineral  being  dissolved  out.    Magnified  37  diameters. 

Fig.  12.  Fissure-like  opening  in  saponite  containing  calcite  :  the  saponite 
on  one  side  of  the  opening  is  in  the  acicular  condition.  The  aciculse, 
some  separated  and  others  in  contact,  projected  into  the  calcite  before 
it  was  dissolved  out.     Mfignified  37  diameters. 

Fig.  13.  Cavity  in  saponite  containing  calcite,  in  which  is  imbedded  a 
dendroidal  configuration  composed  of  white  granular  saponite.  The 
configuration,  which  is  attached  by  its  right  extremity,  rises  above  the 
surface  of  the  calcite  through  the  partial  removal  of  the  latter  mineral 
by  decalcification.     Magnified  37  diameters. 

Fig.  14.  Cluster  of  spherical  bodies  (resembling  ova)  composed  of  white 
granular  saponite,  and  imbedded  in  calcite  :  some  are  above  the  sur- 
face of  this  mineral ;  others,  faintly  seen  and  isolated,  are  imbedded 
in  it.     Magnified  37  diameters. 

Fig.  15.  Vermiform  and  other  bodies  imbedded  in  saponite;  some  are 
translucent,  others  white  opaque,  and  a  few  are  in  both  conditions. 
Slightly  magnified. 

lig.  16.  Vermiform  and  other  bodies  composed  of  serpentine  and  im- 
bedded in  saponite.     Slightly  magnified. 

Fig.  17.  Transverse  section  of  a  mass  of  Ste^iopora-like  tubulation  formed 
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of  treiuolite,  and  imbedded  iu  saponite  :  the  smallest  tube-like  forms 
appear  as  if  they  were  empty.     Magnified  37  diameters. 

Fig.  18.  Longitudinal  section  of'the  same  (at  tlie  part  lying  immediately 
in  contact  with  culcite).     Magnified  87  diameters. 

Fig.  19.  A  body  composed  of  tremolite  simulating  a  Glohigcrina .  ^lag- 
uified  ',M  dianu^ters. 

Fig.  20.  Spherical  bodies  composed  of  flocculent  (white)  and  amorphous 
(pale  green)  serpentine,  with  a  perforated  exterior  resembling  the  shell 
of  OrbuUna.  Two  have  a  core  of  saponite  (fawn-colour).  These  bodies 
are  contained  in  a  mass  of  tremolite  imbedded  iu  s.iponite.  Mag- 
nified t57  diameters. 

Fig.  21.  A  mass  of  treuiolite  imbedded  iu  serpentine,  and  consisting  of  a 
sponge-like  tissue  with  its  walls  perforated.  The  large  dark  portions 
represent  what  appear  to  be  the  mouths  of  cauals.  Magnified  37 
diameters. 

Fig.  22.  A  crystallized  specimen  of  tremolite  composed  of  fasciculi :_  its 
free  end  was  imbedded  in  calcite,  now  removed  by  decalcification. 
The  upper  fasciculi  are  either  fibrous  or  prismatic.  Many  of  the 
prisms  have  white  opaque  bounding  planes  and  a  translucent  interior. 
The  lower  fasciculi  are  altogether  translucent,  with  the  exception  of 
their  boundary  surfaces,  which  latter  form  a  network  with  large  meshes. 
Slightlv  ma}i"niiied. 


XXXIV.   On  the  Magnetism  of  Steel  Bars.     By  Dr.  Carl 
Fromme^  Instructor  in  Pliysics  at  the  University  of  Gottingen. 

[Concluded  from  p.  204.] 

§  9.  /'^X  the  occasion  of  these  experiments  I  noticed  some 
V-/  relations  Avhich  were  quite  new  to  me  ;  and  they 
appeared  so  extremely  interesting  that  I  resolved  to  pursue 
them  further.  It  was  only  after  I  had  finished  a  great  part  of 
tliese  investigations  (which  shall  now  be  communicated  in  what 
follows),  that  I  observed,  on  perusing  the  literature,  that  the 
same  subject  had  already,  some  years  since,  attracted  the  atten- 
tion of  Frankenheim.  His  results  were  published  in  Poggen- 
dorlf 's  Annalen,  vol.  cxxiii.  p.  49  et  seq. 

Frankenheim  proves  that  the  duration  of  the  action  of  a 
magnetizing  force  has  no  influence  at  all  upon  the  amount  of 
the  residual  magnetism,  Avhile  the  number  of  operations  of  the 
same  force  has  a  very  great  influence.  If  it  has  been  put  in  ope- 
ration only  once,  we  have  not  thereby  attained  the  residual 
moment  which  the  same  force  generally  (r.  e.  by  repeated 
action)  is  capable  of  generating.  The  residual  magnetism  is 
increased  much  more  by  each  successive  operation,  approxi- 
mating to  a  boundary  value,  above  which  the  same  force  can- 
not raise  it. 

From  this  I  deduce  the  significant  conclusion,  confirmed  by 
experiment,  that  when  by  repeated  action  of  the  force  P  the 
residual  magnetism  has  reached  its  boundary  value  (the  satu- 
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ration  with  residual  iiiagnetism  corresponding  to  this  force),  a 
smaller  force  p  cannot  change  it. 

7o  all  forces  from  zero  to  P  inchisive,  a  steel  bar  brought  to 
the  boundary  value  of  residual  magnetism  corresponding  to  the 
force  P  behaves  like  an  iron  bar  iclthout  amj  coercive  force. 

This  proposition  may  also  be  expressed  thus  : — 

For  each  permanent  moment  of  a  steel  bar  there  exist,  from 
zero  upward,  a  series  of  magnetizing  forces,  in  relation  to  ichich 
this  bar  p)Ossesses  the  jiroperties  of  an  iron  bar,  or  (taking  as  a 
basis  the  idea  of  molecular  magnets  capable  of  rotation,  and 
assuming  that  in  a  bar  entirely  of  soft  iron  the  molecular 
magnets  have  only  one  position  of  equilibrium,  but  in  a  steel 
bar  innumerable  positions  of  equilibrium),  expressed  in  the 
lanffuage  of  mechanics  : — 

Fach  of  the  inmimerable  positions  of  equilibriiim  of  the  mole- 
cular 'magnets  of  steel  is  stable  for  a  certain  range  of  deforming 
forces.  The  less  the  arrangement  of  the  molecidar  magnets  de- 
viates from  the  direction  of  the  forces,  the  more  cvtended  is  the 
range  of  the  forces  thcd  can  be  employed. 

Although  a  proof  of  Maxwell's  theory  cannot  hence  be  de- 
duced, an  argument  in  favour  of  it  can  ;  for  if  even  for  the 
greatest  deformations  the  molecular  magnets  preserve  the  sta- 
bility of  their  equilibrium,  provided  only  that  their  positions 
of  equilibi'ium  correspond  to  an  extremely  povrerful  permanent 
magnetism,  one  cannot  see  whv  the  arrangement  of  the  mole- 
cules  which  corresponds  to  the  unmagnetic  state  should  not 
also  exhibit,  for  certain  very  feeble  forces,  a  stability  of  the 
positions  of  equilibrium. 

But,  further,  it  is  evident  that,  for  a  steel  bar  which  is  not 
entirely  freed  from  permanent  magnetism,  in  proportion  to  the 
quantity  of  this  must  also  the  range  of  the  forces  which  leave 
no  residual  magnetism  behind  be  more  extensive.  Probably 
it  was  the  considerable  permanent  magnetism  possessed  by  I.  5 
in  the  experiments  described  in  §  §  6  and  7  that  occasioned  the 
greater  value  of  the  argument  K  at  which  residual  magnetism 
first  entered.    See  the  I'emark  in  §  7. 

Now  the  following  is  what  takes  place  in  the  repeated  mag- 
netization of  a  steel  bar  Ijv  a  constant  mao-netizing  force  P  :-  - 
The  first  impulse  produces  a  residual  moment  Mi ;  this  cor- 
responds to  a  certain  force  (/>i  <  P)  as  the  moment  of  satura- 
tion. The  second  impulse  increases  the  residual  moment  by 
M2  —  Ml,  M2  corresponding  to  a  force  ^^2  ^s  moment  of  satura- 
tion :  ^?o  >pi. 

§  10.  The  fact  that  a  steel  bar  with  great  coercive  force  may, 
under  some  circumstances,  behave  like  an  iron  bar  without  any 
coercive  force  appeared  to  me  so  important,  that  I  resolved  to 
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institute  some  experiments  for  the  calculation  of  the  magneti- 
zation-function k  for  the  forces  with  which  this  happens. 

x\fter  the  ellipsoids  had  been  annealed  for  the  first  time,  I 
again  niaile  a  series  of  oxporinKMits  with  the  vertical  component 
of  the  earth's  magnetism  for  the  ellipsoids  of  sort  I. 
k.  K. 


.  1. 

2. 

23-7041 

0-20943 

3. 

18-6999 

0-34211 

4. 

16-21()2 

0-54715 

5. 

11-3674 

1-09090 

(The  observation  with  I.  1  miscarried.)  These  values  are, 
in  consequence  of  the  hardness  being  diminished  by  the  an- 
nealing, all  greater  than  those  previously  obtained.  The  ellip- 
soids were  next  brought  by  a  constant  magnetizing  force  to 
the  moment  of  saturation  thereto  belonging  ;  and  then  the 
magnetization-function  for  a  descending  force  Avas  calculated. 

Table  IV.  gives  the  current-intensities  i,  the  magnetizing 
forces  X,  the  permanent  magnetism  (constant  in  each  series  of 
experiments)  RM — the  invariability  of  Avhich  was  investigated 
after  each  single  observation, — the  temporary  moments  TM, 
and  the  magnetization-function  k,  with  its  argument  K.  The 
care  with  Avhich  the  experiments  Avere  conducted  is  attested  by 
the  values  of  k  with  their  slight  ditferences. 

Table  IV. 


EU. 

i. 

X. 

TM. 

k. 

^•. 

I.  1. 

E 

M  =  15860. 

4-774 
2-262 

82-71 
39-19 

E 

1663600 
789060 

M= 79320. 

25-34 
26-3 

2-453 
1  121 

10-29 
8-047 
4-765 
2-255 

178-2 
139-4 
82-56 
S9-U7 

3606000 
2819800 
1666100 

787840 

31-86 
31-19 
2853 
27-74 

4  231 
3-379 
2183 
l-0()2 

I.  2. 

I 

.M  =  255800. 

9-921 
7-348 
5-721 
3-857 
1-795 

1719 
127  3 
9912 
66-82 
31-09 

7076400 
5162600 
4035000 
2708600 
1255500 

27-25 
2002 
21-44 
1986 
1864 

7-287 
7-237 
5-281 
3-828 
1-891 

I.  3. 

I 

.M  =  133500. 

5-763 
4-433 
3-303 

99-84 

76-8 

57-23 

1     7029000 
5408400 
4004600 

16-42 
16-47 
15-35 

8-9 

6-826 

5-421 
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Table  IV.  {continued). 


Ell. 

i. 

X. 

TM. 

k. 

K. 

I.  3. 

EM  =  256300. 

8-444 

146-3 

10286700 

162 

13-2 

6916 

119-8 

8454000 

16-82 

10-446 

511 

88-53 

6236000 

16-52 

7-847 

34 

58-9 

4141000 

16-28 

5-291 

1-477 

25-58 

1794301) 

15-74 

2-37 

I.  4. 

EM=  132400. 

! 

3497 

60-58      i 

760;i600 

13  69 

8  874 

2-979 

5161 

6484400 

13-78 

7-516 

2-2H4 

39-57 

4954800 

1346 

5-879 

1-792     1 

3105 

3862000 

12-87 

4-792 

EM  =  546 150. 

6785 

117-55 

14914500 

14-76 

1614 

5-753 

99-68 

12594700 

14  34 

14  03 

4-411 

76-42 

9641400 

14  18 

10  86 

3-461 

59-96 

7556.100 

14-07 

8-582 

2124 

36-8 

4608200 

13-47 

5-467 

llOtj 

19-15 

2388 lOJ 

13-09 

2-915 

I.  5. 

E 

M  =  539600. 

3-509 

60-8 

8-266600 

11-4 

15-31 

2-.58 

44-7 

E 

60410(10 
M  =  957000. 

11-13 

1 1  -46 

6326 

109  6 

14957600 

11-57 

27-29 

5-428 

94  05 

1 2801 1000 

11-44 

23-62 

4-231 

73-31 

9!t35000 

11-25 

18-64 

3-284 

56-89 

7610000 

11-14 

14-57 

2055 

35-6 

478.WOO 

10-90 

9265 

- 

l-i08 

19-19 

2563000 

10-88 

5  003 

11.  1. 

r 

M  =  27480. 

1       7-5F2 

131-35 

263ii000 

1781 

573 

5-962 

103-3 

206;h300 

16-21 

4-931 

4-424 

76-64 

1528800 

15-74 

3-762 

2-488 

431 

I 

858000 
IM  =  43350. 

15-12 

2-198 

10127 

175-45 

1     35J1000 

20-66? 

6-638 

9  049 

156-78 

'     3144(i<10 

17-65 

6-898 

8-324 

144-2 

2885200 

16-775 

6-662 

7-213 

124-96 

2498400 

16-.^>24 

5856 

i       6  U:6 

107-35 

2lJ0ti00 

15-547 

5-332 

!       5  0!i6 

88-29 

17580(10 

15-226 

4-472 

4-117 

71-33 

1418700 

1486 

3-698 

2-996 

51-91 

lO:i3300 

1513 

2-646 

II.  2. 

I 

>,M=  139720. 

S-34 

144-48 

5784300 

11-48 

1365 

7()1 

121-44 

4838400 

10-92 

12-00 

5-51 

95-45 

3798(100 

10-776 

9-551 

4-11 

7121 

2843100 

11-16 

6-902 

2-732 

47-33 

1884400 

1084 

4  709 

1-638 

28-38 

1125900 

10-483 

2-911 
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Table  IV.  {continued). 


EU. 

i. 

X.     1 

TM. 

k. 

K. 

II.  2. 

EM  =138030. 

1015 

175-81 

70J3300 

11  51 

16-54 

9-338 

lfi2  13 

6187700 

11  423 

15-39 

8-4!»2 

117  12 

5881500 

11.308 

14  09 

7-474 

12!»-48 

5161000 

11-031 

12  68 

6  512 

113-33 

4510200 

I07:t7 

1132 

5-3yi! 

93-49 

3709S00 

10-495 

9-58 

4-401 

76-24 

3i)i2l>00 

10-379 

7-89 

3-47 

60-11 

2373000 

9-988 

6-44 

2-41 

41-75 

1648000 

9-973 

4-48 

II.  3. 

RM  =  270600. 

6-465 

1 1  -'-0 

7619000 

10-35 

15-79 

4-831 

S3-(i9 

5691400 

10-015 

12  11 

3-3!)4 

58-8 

4248700 

9-961 

8-57 

2-128 

36-86 

2484500 

9-465 

5-61 

RM  =  514000. 

10-112 

175  2 

12111000 

11-312 

22-88 

8-906 

154  3 

10655000 

11  224 

20-29 

7-79 

134-;)(> 

929701)0 

11-02 

18  03 

6-624 

11477 

7867600 

10  63 

15-82 

5-536 

95-92 

65620(>0 

10-476 

13-39 

4-389 

76-04 

518-2500 

102 

10  86 

3-329 

57-«8 

3916000 

9-925 

8-434 

2-32 

4019 

2717400 

96j 

6-013 

II.  4. 

RM  =  578800 

6  51 

112  8 

1  14195000 

13-01 

1744 

5-308 

91-95 

1  11541(tOO 

12-78 

14-43 

4  117 

71-85 

!     8i)81800 

12  4,55 

11-53 

3-027 

52-45 

!     6538300 

12-25 

8-533 

1-986 

34-415 

!     4213000 

11-47 

5914 

RM  =  119000( 

). 

10  026 

i    173-7 

22210000 

14-48 

24-52 

8-635 

149-6 

19065000 

14143 

21-54 

7-457 

l-:;9-2 

16386000 

13-69 

19  13 

6-136 

106-3 

13413000 

13-23 

16-2 

4-895 

84-81 

10646000 

12-79 

13-31 

3722 

64-48 

8045000 

12  315 

1044 

2-739 

47-46 

5886000 

11-875 

7922 

1-865 

32-31 

3975000 

11-313 

5-615 

II.   5. 

RM=l05640f 

). 

1 

6-254 

108-3 

14253000 

10-4 

1      29-07 

5-37 

93-04 

12196000 

10-26 

1      25  2 

4  174 

7232 

9404000 

9-965 

20-02 

3  257 

56-43 

7260000 

9-592 

16  06 

1 

2-044 

35-41 

4500500 

9-201 

10-38 
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Table  IV.  (continued.) 


EU. 

i. 

X. 

TM. 

k. 

K. 

II.  5. 

EM=  1931000 

8137 

140-97 

18805000 

10-965 

36-38 

7-106 

123-1 

J  (5310000 

J  0-679 

3236 

6072 

105-2 

13815000 

10-33 

28-36 

4-957 

85-88 

11212000 

10-114 

23-515 

3-667 

63-53 

8194400 

9-682 

17-95 

2-254 

39-05 

4961200 

9183 

11-46 

RM  =  6213000 

7-979 

138-23 

18737000 

11-684 

34-01 

7-183 

124  45 

16746000 

11-345 

31-31 

6-377 

1 10-47 

14776000 

11  076 

28-30 

5  457 

94-54 

12542000 

10-738 

24-78 

4-650 

80-56 

10()06000 

10-43 

2157 

3-836 

66-46 

8672000 

10-096 

18-22 

3021 

52-35 

6754000 

9921 

14-78 

§  11.  From  Table  IV.  we  readilj  obtain  some  aimlogies  with 
the  values  of  k  ascertained  by  the  earth-inductor.  For  here 
again,  with  sort  L,  the  values  corresponding  to  the  ellipsoids 
Avith  different  degrees  of  eccentricity  arrange  themselves  in  a 
series  descending  as  the  eccentricity  increases  ;  on  the  con- 
trary, with  sort  II.  the  values  of  k  cannot  be  arranged  in  a 
series,  but,  while  II.  2,  II.  3,  and  II.  5  have  tolerably  equal 
values  of  the  magnetization-function,  II.  4  furnishes,  as  before, 
greater  values.  But  now  II.  1  also  has  a  sensibly  higher  mag- 
netization-function. 

According  to  this  let  us  form,  in  conjunction  with  that  pre- 
viously found,  the  following  representation  of  the  course  of 
k  : — After  the  variously  elongated  ellipsoids  have  reached  the 
same  (previously  noted)  minimum  of  their  magnetization- 
function,  the  values  of  k  again  recede  from  one  another  in  the 
softer  steel  as  the  magnetizing  force  X  and  the  permanent 
magnetism  simultaneously  increase,  while  again  the  greater 
values  of  k  belong  to  the  less-elongated  ellipsoids.  With  the 
harder  steel,  on  the  contrary,  k  appears  to  possess  pretty  nearly 
the  same  value :  the  higher  values  of  II.  1  and  II.  4  may  be 
regarded  as  produced  by  differences  in  the  structure  of  the 
steel.  That  k  possesses  a  certain  degree  of  variableness  is  pro- 
bably beyond  doubt ;  yet  although  the  permanent  magnetisms 
are  not  sufficiently  varied,  thus  much  can  be  seen,  that  this 
variability  in  sort  II.  is  not  veiy  great.  With  a  doubled  per- 
manent magnetism,  II.  3  and  II.  4  do  not  exhibit  any  change 
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in  the  k  corresponding  to  an  equal  magnetizing  force  X,  whiJe 
II.  5  decidedly  ^bows  an  increase  in  k  when  KM  rose  from 
1931000  to  G213000.  The  reverse  is  the  case  with  II.  1, 
where  k  diminishes. 

Since  the  diti'erent  series  of  observations  were  not  carried 
out  under  absolutely  similar  external  circumstances,  especially 
not  with  equal  distance  of  the  helix  from  the  magnetometer, 
no  conclusion  concerning  the  behaviour  of  k  can  be  drawn 
from  such  slight  variations,  which  are  moreover  not  all  in  the 
same  direction,  and  we  shall  be  able  to  regard  k  as  constant 
for  the  harder  sort  II. 

In  sort  I.  it  can  be  proved  more  certainly  that,  when  RM  is 
quintupled,  the  k  of  1. 1  is  considerably  augmented,  just  so  that 
of  I.  3  with  RM  doubled,  while  for  I.  4  and  I.  5  nothing  cer- 
tain can  be  affirmed. 

If  we  consider  the  results  before  us  in  their  relation  to  Neu- 
mann and  Kirchhoff 's  developments,  we  perceive  that  in  the 
present  case  these  are  no  longer  valid:  to  the  same  argument 
K,  with  the  diffi?rent  ellipsoids  the  most  ditfereut  values  of  k 
correspond. 

Neumann  and  Kirclihoff^ s  developments  hold  only  for  steel  bars 
u'hich  possess  no  permanent  magnetisin  and  are  submitted  to  hut 
sligld  magnetizing  forces  ;  tliey  at  once  become  inadmissit(le  as 
sooti  as  the  steel  is  permanently  magnetic. 

This  is  much  more  strikingly  apparent  with  the  softer  than 
with  the  harder  Iduds  of  steel. 

When,  lastly,  we  examine  the  series  of  observations  of  Table 
IV.  singly,  we  see  the  analogy  with  soft  iron  carried  out  also 
in  the  behaviour  of  the  magnetization-function  : — 

For  the  forces  which  are  incapable  of  altering  the  permanent 
magnetism  of  a  steel  bar,  the  nvmher  k  becomes  less  as  the  force 
diminishes  ;  the  magnetization-function  of  steel  exhibits  the  same 
behaviour  as  that  of  soft  iron  under  the  action  of  the  always 
slight  magnetizing  forces  ivhich  have  here  been  employed. 

(For  intenser  forces,  as  with  soft  iron,  an  increase  of  k 
would  of  necessity  enter  with  a  diminishing  force.) 

In  what  manner  this  diminution  of  k  takes  place,  I  have  en- 
deavoured to  ascertain  by  a  graphic  representation  of  the  de- 
pendence of  k  upon  its  argument  K.  I  found,  however,  some- 
what complicated  curves  ^^'ith  several  turning-points,  which 
appeared  to  become  the  more  regular  (viz.  straight  lines)  the 
more  I  augmented  the  permanent  magnetism. 

Now,  since  by  this,  on  account  of  the  diminished  constancy 
of  the  quantity  of  the  permanent  magnetism,  the  difficulties 
of  observation  are  increased,  and  therefore  properly  a  still 
more  irregular  course   of  the  curves  would  have  been  to  be 
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expected — since,  further,  I  believed  I  should  find  the  in-  and 
outbendino;s  of  one  curve  in  the  others  also,  I  am  of  opinion 
that  these  ditferencos  really  have  their  foundation  in  the  nature 
of  the  thin o- — that  therefore,  for  forces  which  do  not  alter  the 
permanent  magnetlstn  of  a  steel  bar,  k  exlnhlts  a  behaviour  the 
more  regular  the  greater  the  jyermanent  magnetization  is,  the 
more  the  molecular  magnets  are  oriented  one  with  another. 

§  12.  Returning  now  to  the  starting-point  of  the  experi- 
ments described  in  the  two  preceding  sections — the  fact  that, 
on  repeated  employment  of  the  same  magnetizing  force,  steel 
attains  a  maximum  of  residual  magnetism,  which  may  be  de- 
signated the  saturation-moment  corresponding  to  the  force, 
— we  have  now  to  determine  whether  the  number  of  the  im- 
pulses requisite  for  attaining  the  maximum  can  be  brought 
into  a  precise  relation  to  the  atfecting  factors.  Such  a  rela- 
tion would  perhaps  be  found,  if  a  steel  bar  in  constantly  equal 
external  and  molecular  conditions  could  be  submitted  to  vary- 
ing magnetizing  forces.  But  now,  since  every  prior  magne- 
tizing force  changed  the  condition  of  the  bar,  and  so  each 
succeeding  one  finds  the  bar  in  another  state,  while,  though 
residual  magnetism  can  indeed  be  got  rid  of  by  annealing,  the 
bar  is  thereby  altered  in  hardness  and  external  form,  I  have 
only  been  able  in  general  to  lay  down  the  proposition  that  the 
sat urcd Ion-moment  is  readied  more  quickhj  ttitli  the  softer  than 
icltli  the  harder  kind  of  steel.  Instead  of  this  rule,  however,  we 
may  put  the  more  general  one.  The  7iumber  of  the  imjmlses  in- 
creases with  the  ratio  of  the  attainahle  residual  moment  (moment 
of  saturation)  to  the  original  moment  (that  already  present  be- 
fore the  action  of  the  force)  ;  for  this  ratio  is  in  general  greater 
with  the  harder  steel. 

M.  Bouty,  in  a  work*  which  came  under  my  notice  after 
the  close  of  these  investigations,  has  endeavoured  to  represent 
by  an  empiric  formula  the  quantity  of  the  residual  magnetic 
moment  after  each  single  impulse. 

He  magnetizes  thin  steel  needles  both  by  constant  and  by 
induction-currents,  and  believes  that  the  increment  of  the  re- 
sidual magnetism  after  the  latter  must  be  expressed  by  another 
empiric  fornmla. 

For  the  magnetization  by  a  constant  current  he  chooses  the 
formula 

y  =  A-?, (1) 

which  determines  the  magnetic  moment  y  after  the  .rth  im- 

*  "  Etudes  sur  le  Magu^tisme,"  Annahs  de  VEcoIe  Ko7-ma!e,  187o,  No. 
1 ;  Phil.  Mag.  Feb.  and  jNIarch  1875,  vol.  xlix.  pp.  81,  183. 
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pulso  bv  the  nunilier  of  tlio  iinjuilses,  the  saturation-moniont 
A,  and  the  increment  B  of  the  moment  from  the  first  to  the 
hist  impulse. 

The  magnetization  hy  induction-currents,  on  the  other  liand, 
is  very  well  representctl,  he  says,  by  the  formula 

y  =  A  +  B(l-^'-'^),     .     .  -.     .     (2) 

■where  A,  B,  and  «  are  constants,  A  the  moment  originally 
present,  B  the  total  increment  ])roduced  by  the  action  of  the 
force,  and  e  the  base  of  the  natural  system  of  logarithms. 
This  formula  corresi>onds  to  a  much  quicker  increase  of  the 
residual  magnetism  than  the  first. 

While  j\I.  Bouty  is  inclined  to  deduce  the  difference  of  the 
formula  from  the  difference  of  the  methods  of  magnetization, 
I  should  rather,  judging  from  the  examples  he  adduces,  seek 
them  in  the  different  initial  magnetic  states  of  the  steel  needles. 
Two  of  his  examples  may  serve  as  evidence  : — 


For(l). 

For  (2). 

Number  of  pas-          Magnetic 
sages  to  the              ^^^^^^ 
spiral. 

Number  of  di-           -.r         .• 

rectin-                 ^^^E^^^^^^ 
duced  currents.           ^^°"^'^^*- 

1 

2 

3 

4 

5 

10 

20 

30 

50 

51-46 
5455 
55-43 
56-10 
55-95 
56-48 
57-68 
57-92 
57-75 

0 
1 
2 
3 

I 

16 

7155 
75-30 
78-55 
80-50 
80-80 
81-05 
8105 

While,  then,  in  the  first  instance  the  little  bar  had  no  initial 
magnetism  (was  "  innocent  of  any  previous  magnetization  "), 
and  at  the  conclusion  ])0ssessed  the  residual  magnetism  57*75, 
in  the  second  the  initial  magnetism  was  71"55,  which  was 
raised  by  the  action  of  the  magnetizing  force  to  81*05  only. 
But  then,  according  to  the  proposition  previously  advanced, 
the  number  of  the  requisite  impulses  must  be  less,  and  the 
augmentation  of  the  residual  magnetism  follow  more  rapidly. 

*§  13.  Frankenheim's  investigation  had  arrived  at  the  re- 
markable result  that,  with  freshly  annealed  bars,  the  residual 
moment  B^  attained  by  an  impulse  x  stands  in  an  invariable 
ratio  to  the  moment  of  saturation  R,  independent  of  the  dimen- 
sions of  the  bars,  their  hardness,  and  the  strength  of  the  force 
acting  upon  them.  Now  my  experiments  seem  to  prove  that 
this  holds  good  also  for  bars  not  freshlv  annealed,  but  havinff 
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an  initial  niaonetisni  U,  as  soon  as  we  count  this  to  the  resi- 
dual magnetism.  These  experiments  are  represented  in 
Table  V. 

Table  V. 


Ellip- 
soid. 

U. 

U+R, 

R, 

r' 

Ellip- 
soid. 

U. 

U+R,. 

U  +  R 

R* 

U+R 

I.  1. 
2. 

14100 
38530 

0-955 
0  941 

0-942 
0-916 

11.  I. 

31730 
142200 

0-893 
0-936 

0-865 
0-828 

126300 
195400 

0-945 
0-940 

0-859 
0-839 

2. 

158750 
313300 

0-931 

0-938 

0-928 
0933 

3. 

51540 

0-930 

0-901 

431400 

0-934 

0-795 

4. 

1508.50 
293600 
589800 

287200 

0-947 
0-932 
0-9o2 

0-968 

0-895 
0-868 
0-795 

0-930 

3. 

276650 

3.')  7600 
448100 
698600 

0-958 
0-973 
0-931 

0  928 

0-822 
0-783 

5. 

1049200 

0-929 

0-827 

990400 

0-917 

0-732 

1754700 
2802000 

0-918 
0-906 

0-789 
0-670 

4. 

706000 

8;t7400 

1039000 

1  519000 

2  317000 

0955 
0962 
0-958 
0-922 
0-942 

0-833 

0-826 
0-811 
0-785 
0-733 

Mean 

U+R. 
U+R 

i  U+R, 

I  U+R 

2  865400 

0-912 

0-648 

r.  1.  0-955 

?  II.  1.  0-91(1 

2.  0-942 

2.  0-934 

5. 

962300 

0  951 

0-836 

3.  0-935 

3.  0-941 

1287000 

0965 

0824 

4.  0-9(58 

?     4.  0942 

1  1807800 

0-928 

0-762 

5.  0-91^ 

r 

).  0-928 

1  2497400 

0-896 
0902 

0-757 
0-592 

0-94- 

0-931 

4205000 

Although  this  Table  has  no  pretension  to  completeness,  since 
■with  several  of  the  ellipsoids  there  are  too  few  experiments, 
and  the  dimensions  and  hardness  of  the  bars  are  too  little  va- 

TT_|_  TJ 

ried^  yet  this  much  is  evident,  that  ^^  p^  may  pass  for  tole- 
rably constant ;  while  it  is  indubitably  shown  that  — ^  diminishes 
xohen  the  magnetizing  force  {or  ichat  is  here  considered  the  same 

TD 

thing,  U)  increases.     Moreover  this  diminution  of  ^  with  m- 

TT  +  T? 

creasing  U  is  self-evident  from  the  found  constancy  of  tTTTT  * 

Therefore  to  the  progressive  rotcdion  of  the  molecular  magnets 
into  positions  of  magnetic  equilibrium  is  opposed  an  increasing 
resistancer- 
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A  dependence  of  the  diminution  of  ^  on  the  magnitude  of 

the  difference  R  — U  or  of  the  ratio  ,.  does  not  follow.     In 

opposition  to  this,  M.  Bouty,  in  a  more  recent  notice*,  main- 
tains, on  the  ground  of  a  series  of  experiments,  of  which  he 

A 

adduces  the  following  as  an  example,  that  his  ratio  .  _t>;  which 
corresponds  to  my  ^  ,  decreases  when  the  magnetizing  force 

"n 

increases,  according  to  which  ~  would  increase.     (Whether 

his  needles  were  annealed  before  each  series  of  experiments, 
or  if  they  possessed  initial  magnetism,  is  not  stated.) 

Xeedle  of  0'553  millim,  diameter. 
Magnetizing  A 

force.  A-B" 

10 1-280 

14  ....     .  1-246 

18 1-165 

22 1-150 

26 1-115 

30 1-085 

34 1-058 

38 1-036 

42 1-025 

A 

Although  here  is  unquestionably  a  diminution  of  -r — =5,  yet 

A.  —  Jt> 

our  author  errs  fundamentally,  or  at  least  expresses  himself 
quite  incorrectly  when  he  asserts  of  this  ratio,  "  II  tend  vers 
zero."  An  approximation  to  nil  is  certainly  out  of  the  ques- 
tion ;  at  the  utmost  there  may  be  an  approximation  to  unity. 

While,  then,  according  to  M.  Bouty 's  experiments,  R^  and 
R  are  continually  coming  nearer  to  equality,  so  that  finally  a 
single  impulse  will  produce  the  moment  of  saturation,  accord- 
ing to  mine  they  are  always  receding  further  and  further  from 
each  other,  so  that  the  saturation-moment  corresponding  to  a 
force  is  always  difficult  to  attain. 

On  what  causes  these  opposite  results  depend  we  cannot  at 
present  say.  M.  Bouty's  quantities  are  not  expressed  in  abso- 
lute measure ;  and  from  his  data  it  is  not  possible  to  reduce 
them  thereto.     Yet  I  do  not  giye  up  the  expectation  that  his 

*  Comptes  Rendits  de  TAcad.  des  Sciences,  1875,  Xo.  13. 


discuss,  it  cannot  well  bo  assumed  that  the  ratio  ,^^  continues 
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and  my  rosiilts  \\ill  be  found  not  merely  not  contradictory, 
but  probably  mutually  complementary. 

For   reasons  easily   conceiyable,  which  I  need  not  further 

Ki 
R 

to  diminish  till  it  arrives  at  zero  ;  nmch  rather  it  is  not  im- 
probable that,  as  the  magnetizino;  force  goes  on  increasing,  the 
ratio  begins  to  rise  again.  M.  Bouty,  however,  worked  with 
vcj-y  thin,  while  I  worked  with  tolerably  thick  steel  bars  ;  and 
hence  it  really  follows  that  in  his,  in  comparison  Avith  my  ob- 
servations, much  greater  magnetizing  forces  were  in  play.  At 
all  events  the  subject  is  well  deserving  of  further  examina- 
tion ;  and  I  shall  not  delay  commencing  experiments  for  that 
purpose. 

§  14.  In  §  9  the  propositioii  is  advanced  that  a  force  of  de- 
terminate intensity  cannot  generate  residual  magnetism  beyond 
a  determinate  limit.  Taken  rigorously,  this  is  not  quite  correct 
— at  least,  not  in  the  sense  in  which  it  was  there  understood  ; 
for  if,  by  repeated  action  of  a  constant  force,  a  steel  bar  be 
brought  to  the  corresponding  maximum  of  its  residual  mag- 
netism, then  loses  a  portion  by  concussions,  or  even  by  merely 
lying  at  rest,  and  thus  by  ih^,  action  of  time,  and  afterwards 
the  same  force  be  again  applied,  the  residual  magnetism  now 
increases  beyond  the  previous  limit. 

If  the  same  process  be  again  repeated  several  times,  a  limit 
must  finally  be  reached  which  will  not  be  exceeded  even  by 
further  losses  and  fresh  magnetization.  This  value  only  of  the 
residual  moment  can  be  designated  the  proper  moment  of  sa- 
turation of  the  force  in  question. 

It  is  self-evident,  and  confirmed  also  by  my  experiments, 
that  where  a  loss  of  residual  magnetism  has  occurred  in  a  bar 
which  had  been  previously  saturated  by  a  force  P,  even  a  force 
|>,  which  before,  with  a  maximum  attained,  could  no  more 
than  P  itself  produce  an  augmentation,  can  raise  the  diminished 
residual  moment,  and,  if  the  intensity  be  sufficient,  bring  it 
back  to  the  maximum  corresponding  to  the  force  P. 

§  la.  We  have  hitherto  considered  only  one  part  of  what 
takes  place  in  the  repeated  magnetization  of  a  steel  bar  by  a 
constant  force,  namely  the  variation  of  the  residual  magnetism. 
But  similar  questions  to  those  respecting  the  residual,  can  now 
be  put  concerning  the  temporary  magnetism.  Here  three 
cases  are  to  be  distinguished. 

The  first,  simplest,  is  that  of  repeated  magnetization  by  the 
same  current,  which,  however,  has  never  previously  acted  on 
the  rod  (§  9).     The  question  is: — Does  the  temporary  magne- 
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tism,  like  the  residual,  increase  with  each  successive  impulse, 
remain  constant,  or  diminish? 

In  order  to  contribute  to  a  correct  judgment  on  the  dofrreo 
of  accuracy  which  an  answer  to  such  questions  concerning  the 
temporary  magnetism  can  possess,  I  would  remark  that  the 
latter,  as  is  well  known,  may  fluctuate,  always  within  certain 
but,  with  soft  iron,  tolerably  wide  limits,  even  when  the  cur- 
rent is  constant. 

Nevertheless,  on  the  ground  of  numerous  experiments,  I 
believe  I  may  assert  that  2Vie  temporary  magnetism  of  a  steel 
bar  diminishes  on  the  bar  being  repeatedly  magnetized  by  a  con- 
stant current,  but  so  that  the  total  magnetism  remains  unaltered ; 
therefore  what  is  gained  in  residual,  is  lost  in  tonporary  mag- 
netism. 

The  second  case  has  been  already  treated  in  §  11.  We 
there  had  the  same  ellipsoid  in  ditferent  magnetic  states,  with 
different  RM,  submitted  to  the  same  force  ;  and  we  inquired 
how  the  mao-netization-function  behaves  with  an  increasing 
permanent  magnetization.  To  this  question  we  could  make 
no  definite  answer ;  k,  and  with  it  the  temporary  magnetism, 
in  part  remained  constant,  in  part  increased,  and  in  part  even 
diminished. 

From  this  it  is  now  evident  that  an  answer  to  the  third  case, 
given  by  the  last  preceding  section,  cannot  but  be  extremely 
difficult.  In  fact,  on  making  some  experiments,  I  obtained 
contradictory  results,  sometimes  greater,  sometimes  smaller 
temporary  moments,  while  the  residual  magnetism,  in  accord- 
ance with  the  proposition  advanced  in  §  14,  always  proved 
greater. 

Gottingen,  September  1875. 


XXXY.  On  Crookes's  Radiometer. — Part  II.*  By  G.  John- 
stone Stoxey,  M.A.,  F.R.S.,  Secretary  to  the  Queens 
University  in  Ireland. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen,  Hampstead,  March  18, 1876. 

MANY  persons  have  told  me  that  they  have  found  it  diffi- 
cult to  understand  the  explanation  that  I  offered  in  the 
March  Number  of  the  Philosophical  Magazine,  of  the  pres- 
sure which  Mr.  Crookes  has  discovered.  I  have  therefore  en- 
deavoured to  present  a  picture  of  the  mechanism  by  which  I 
conceive  the  pressure  to  be  produced,  in  a  form  which  will,  I 

*  Bein?  tlie  substance  of  part  of  a  communication  made  to  the  Physical 
Society,  March  11,  1876. 

PhU.  Mag.  S.  5.  Vol.  1.  No.  4.  April  1876.  Y 
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hope,  be  intelligible  to  ]iersons  avIio  hm'e  not  made  a  special 
study  of  the  dynamical  theory  of  gases  ;  and  as  the  subject  is 
one  not  easily  illustrated  in  this  Avay,  1  hope  the  result  of  my 
attempt  will  be  deemed  of  sufficient  permanent  interest  to  de- 
serve a  place  in  your  columns. 

I  am,  Gentlemen, 

Yours  faithfully, 

G.  Johnstone  Stoney. 


[The  numbering  of  the  paragraphs  is  continued  from  the 
paper  on  the  same  subject  in  the  March  Number  of  the  Phi- 
losophical Magazine. 

Readers  of  that  article  are  requested  to  make  the  following 
corrections  in  it : — 

In  paragraph  3  (p.  178),  instead  of  "  I  will  assume  that  the 
pressure  within  the  chamber  is  0*1  of  a  millim."  read  "not 
much  short  of  0*1  of  a  millim." 

In  paragraph  4,  instead  of  "w'l,  i<'2,"  read  "  Wi  — zr2." 

In  paragraph  7  (p.  180),  instead  of  "  _L-  of  an  atmosphere," 


1 


10,000 


read  "  about  io;ooo  of  fin  atmosphere." 

In  paragraph  9  (p.  181),  instead  of  "  "We  may  further  re- 
gard" read  "  We  may  further  without  risk  of  serious  error 
regard."] 

10.  When  light  is  allowed  to  fall  on  a  Crookes's  radiome- 
ter, there  are  two  stages  of  the  phenomenon  to  be  noted  and 
carefully  distinguished. 

11.  The  first  is  a  brief  period  of  adjustment  which  arises 
when  the  light  first  falls  on  the  blackened  face  of  the  disk. 
During  this  stage  the  difterent  parts  of  the  attenuated  air 
within  the  little  chamber  assume  the  conditions  which  corre- 
spond to  the  presence  of  the  warm  body.  This  adjustment  is 
made  with  great  rapidity,  and  may  occupy  perhaps  the  ^5*00 
of  a  second.  This  is  about  the  time  that  would  be  required  if 
this  adjustment  is  made  at  a  speed  comparable  with  the  velo- 
city of  sound  ;  and  this  is  likely,  since  the  velocity  of  sound  is 
the  speed  with  which  a  somewhat  analogous  adjustment  is 
propagated  in  air, 

12.  The  second  stage  of  the  phenomenon  is  the  permanent 
state  which  supervenes  when  the  period  of  adjustment  is 
over.  And  here  there  are.  two  cases  to  be  distinguished. 
The  first  is  that  Avhich  occurs  when  the  exhaustion  is  insuffi- 
cient. In  this  case  (leaving  gravity,  and  consequently  con- 
vection currents,  out  of  consideration  for  the  present)  a  thin 
layer  of  air  in  contact  with  the  disk  has  been  both  warmed 
and  rarefied  during  the  period  of  adjustm.ent;  while  beyond 
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this  layer  the  air  throughout  tlio  greater  part  of  the  chauiber 
will  be  very  slightly  denser  and  warmer  than  before  the  ad- 
justment. There  will  also  bo  another  layer  of  varying  tem- 
perature and  density  in  contact  with  the  glass,  having  on 
one  side  the  temperature  of  the  air  in  the  little  chamber, 
and  on  the  other  the  somewhat  lower  temperature  of  the 
glass.  This  is  the  state  which  will  come  into  existence  during 
the  adjustment,  and  Avhich  will  then  continue  as  the  permanent 
state  of  affairs  so  lono-  as  the  disk  and  olass  are  maintained  at 

O  ,^..  1.** 

their  respective  temperatures.  While  this  is  the  condition  of 
the  apparatus,  there  would  be  no  transfer  of  heat  from  the  disk 
to  the  glass  if  convection-currents  were  absent :  the  contrivance 
cannot  act  as  a  heat-engine  ;  and  there  is  accordingly  no  pr(;s- 
sure  of  the  kind  which  Mr.  Crookes  has  detected,  and  to  which 
I  would  suggest  that  we  should  give  the  name  of  Crookes's 
pressure. 

13.  On  the  other  hand,  if  the  exhaustion  be  carried  further^ 
the  layers  of  varying  temperature  in  contact  with  the  disk  and 
with  the  glass  will  become  thicker;  and  if  the  exhaustion  pro- 
ceed sutRcieiitly  far,  these  layers  will  be  so  dilated  that  there 
will  not  be  room  between  the  disk  and  the  glass  for  their  full 
development ;  and  then  will  arise  the  state  of  things  in  which 
Crookes's  pressure  presents  itself.  The  following  description 
will  give  an  idea  of  Avhat  is  now  going  on  within  the  cham- 
ber. As  soon  as  the  brief  period  of  adjustment  is  over  a  pro- 
cession of  swift  molecules  at  once  commences,  which  is  ever 
starting  from  the  front  or  warmed  side  of  the  disk  (the  heater 
of  the  little  engine),  and  jostling  its  vrnj  to  the  opposite  hemi- 
sphere of  cool  glass  *  (the  cooler  of  the  heat-engine).  Another 
procession  is  as  constantly  starting  from  the  cool  hemisphere 
of  glass  and  working  its  way  both  up  to  the  disk  and  to  the 
regions  behind  the  disk.  These  processions  last  so  long  as  the 
heater  and  cooler  are  maintained  at  their  respective  tempera- 
tures. Any  member  of  the  slow  procession  that  comes  into  con- 
tact with  the  front  of  the  disk  is,  in  rebounding,  converted  into 
a  member  of  the  swift  procession  ;  and  any  member  of  the 
swift  procession  that  comes  into  contact  with  the  glass  is  con- 
verted into  a  member  of  the  slow  j)rocession. 

14.  To  complete  the  picture  we  must  suppose  the  members 
of  both  processions  to  be  mixed  up  with  a  crowd  of  molecules 
moving  about  irregularly,  and  not  belonging  to  either  proces- 
sion. The  }.rocessionists  are  so  buffeted  that  probably  no 
one  follows  liis  own  procession  far.  But  some  of  the  mole- 
cules  against   which    he  jostles  generally  carry  a  part  of  his 

*  If  the  instnnnent  hns  four  arms,  the  back  of  oiio  of  the  other  disks  at 
right  angles  is  to  be  regarded  as  part  of  the  cooler  of  the  little  eugiue. 

Y2 
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momentum  somowliat  farther.  In  this  way  the  characteristic 
of  (>ach  procession  is  retained  over  a  considerable  distance, 
althoutrh  it  is  gradually  effaced  as  the  procession  advances. 
As  the  swift  ]irocession  advances  it  becomes  less  swift ;  as  the 
slow  procession  advances  it  becomes  less  sIoav.  If  there  is 
room  between  the  disk  and  the  glass  for  the  entire  gradient, 
that  is,  for  the  whole  thickness  of  those  layers  which  I  have 
described,  then  that  part  of  the  slow  procession  Avhich  reaches 
the  disk  will  haA'e  not  only  lost  its  sluggishness,  but  will  have 
attained  the  full  molecular  speed  of  the  beginning  of  the  swift 
procession  ;  and  the  swift  procession,  Avhere  it  comes  into  con- 
tact with  the  envelope  of  glass,  will  have  become  as  sIoav  as 
the  beginning  of  the  slow  procession.  In  such  a  case  there 
would  Idc  no  Crookes's  pressure.  But  if  there  is  not  room  for 
the  full  gradient,  then  each  procession  will  retain  a  portion  of 
what  characterizes  it  when  it  reaches  its  destination.  The  front 
of  the  swift  procession,  where  it  reaches  the  glass,  Avill  still  re- 
tain an  aA^erage  of  molecular  motions  more  rapid  than  that 
AA'hich  corresponds  to  the  temperature  of  the  glass ;  and  that 
part  of  the  front  of  the  slow  procession  which  reaches  the  disk 
Avill  haA'e  its  internal  motions  less  active  than  those  correspond- 
ing to  the  temperature  of  the  disk,  Avhile  molecules  of  a  still 
more  sluggish  type  will  alone  reach  the  back  of  the  disk  and 
the  hemisphere  of  glass  behind  the  disk. 

15.  Here,  then,  aa'c  haA^e  conditions  which  would  produce  a 
difference  of  pressure  on  the  front  and  back  of  the  disk,  if 
equal  numbers  of  molecules  had  access  to  both  sides.  Hoaa'- 
ever,  the  number  striking  the  disk  in  front  will  not  be  quite  so 
great  as  the  number  striking  its  back,  because  the  members  of 
the  SAvift  procession  Avill  shove  back  some  of  those  Avhich  other- 
Avise  Avould  have  made  their  Avay  up  to  the  disk.  But  they  do 
not  keep  back  enough  to  prcAcnt  there  being  .so»?e  difference  of 
pressure  ;  for  it  would  require  the  icliole  gradient  to  produce 
such  a  defect  of  density  as  looidd  entirely/  compensate  for  the 
greater  average  momentum  imparted  hy  each  molecule  that  strikes 
the  front,  as  compared  ivith  the  momentum  imparted  by  each 
molecule  striking  the  back  of  the  disk.  This  is  the  cardinal 
point  in  the  explanation. 

16.  As  this  is  the  key  to  the  whole  explanation,  and  as  I 
find  that  some  AA'ho  feel  an  interest  in  the  subject  find  a  diffi- 
culty in  apprehending  it,  I  Avill  giA'C  a  proof  of  it  from  another 
point  of  view,  and  AAdth  every  necessary  detail.  Let  us  imagine 
a  large  apartment  containing  throughout  air  as  attenuated  as 
the  air  in  the  radiometer.  Let  its  temperature  and  the  tem- 
perature of  the  Avails  of  the  room  be  t,  and  its  tension  p 
grammes  per  square  centimetre,  p  being  a  sufficiently  low  frac- 
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tion.  Let  v  be  tlie  average  velocity  of  molecules  of  air  at  the 
temperature  t.  Then  this  air  presses  against  the  walls  of  the 
apartment  with  a  force  oi'  p  grammes  })er  square  centimetre, 
because  its  molecules  strike  the  walls  with  velocities  of  which 
the  average  is  v,  and  rebound  from  them  with  velocities  of 
which  the  average  is  also  v.  Let  n  be  the  number  of  mole- 
cules which  on  the  average  strike  a  squai'e  centimetre  of  the 
walls  per  second .  Then,  if  we  })icturc  to  ourselves  a  plane 
dra^n  anywhere  through  this  medium,  n  molecules  per  second 
fly  through  every  square  centimetre  of  this  plane  from  left  to 
right,  and  an  equal  number  fly  through  it  from  right  to  left. 
Having  acquired  these  conceptions,  let  us  next  suppose  a  disk 
like  the  disk  of  a  radiometer,  to  be  situated  in  the  middle  of 
this  apartment,  the  front  of  the  disk  being  kept  at  temperature 
t  +  At,  and  the  back  at  temperature  t.  Let  us  further  suppose 
that  there  is  no  gravity,  in  which  case  there  will  be  no  con- 
vection-currents. But  a  complete  gradient  would  promptly 
form  in  front  of  the  disk ;  in  other  words,  the  air  in  front  of 
the  disk  would  be  warmed  to  a  considerable  distance,  and 
somcAvhat  dilated.  Throughout  this  gradient  the  temperature 
would  vary  from  ^4-  A^  on  the  one  side,  to  t  on  the  other. 
The  density  would  also  vary,  and  in  such  a  way  that  the  ten- 
sion would  be  everywhere  the  same  as  in  the  rest  of  the  apart- 
ment, viz.  p  gi-ammes  per  square  centimetre.  In  this  case 
the  disk  would  be  pressed  equally  in  front  and  behind.  Let 
us  next  form  the  conception  of  a  spherical  surface,  with  its 
centre  at  the  middle  of  the  disk,  large  enough  to  contain  the 
disk  and  extend  beyond  it,  but  not  so  large  as  to  reach  through 
the  gradient.  The  hemisphere  in  front  of  the  disk  would  thus 
contain  air  belonging  to  the  gradient,  and  the  hemisphere  be- 
hind the  disk  would  contain  air  of  the  same  kind  as  in  the  rest 
of  the  apartment.  Through  each  square  centimetre  of  the 
surface  of  the  hemisphere  behind  the  disk  there  will  be  n  mole- 
cules per  second  flying  into  the  sphere,  and  n  molecules  per 
second  flying  out ;  and  these  molecules  will  be  endowed  wdth 
velocities  of  which  the  average  is  v.  But  through  any  square 
centimetre  of  the  hemisphere  in  front  of  the  disk  there  will  be 
a  number  of  molecules  flying  in  and  flying  out  per  second 
which  will  be  less  than  n,  while  their  average  velocity  will  be 
greater  than  v.  Let  us  next  suppose  that  this  spherical  sur- 
face, while  it  still  allows  the  molecules  to  pass  through  it  and 
retain  the  direction  of  their  flight,  is  given  the  property  of 
being  able  to  cut  down  the  velocities  of  molecules  whose  aver- 
age is  above  r,  so  that  the  average  velocity  of  the  molecules 
after  passing  through  the  surface  becomes  r,  whatever  it  may 
have  been  before.     This  new  property  will  not  make  any  dif- 
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terence  in  the  state  of  things  behind  the  disk  ;  but  it  will  cause 
a  new  adjustment  to  be  necessary  in  front.     In  fact  the  part 
of  the  gradient  which  lies  outside  the  sphere  will  cease  to  exist, 
since  there  is  nothing  now  to  prevent  air  of  the  same  pressure 
and  density  as  in  the  rest  of  the  apartment  from  coming  quite 
up  to  the  sphere.     Accordingly,  when  the  little  instant  of  ad- 
justment is  over,  this  will  be  the  state  of  things  outside  the 
sphere.     Hence,  when  the  adjustment  is  over,  there  will  be  n 
molecules  flying  inwards  through  every  sqiiare  centimetre  of 
the  front  hemisphere.  Now  the  density  can  no  longer  undergo 
change  when  the  adjustment  is  over  ;  and  accordingly  there 
must  be  as  many  molecules  passing  one  way  as  the  other. 
Hence  we   find  that  after  the  adjustment,  71  molecules   per 
second  must  come  up  to  every  square  centimetre  of  the  inside 
of  this  hemisphere  and  demand  an   exit  through  it,  which  is 
accorded  to  them  on  the  condition  of  their  surrendering  a  part 
of  their  momentum  as  they  fly  through  the  partition.     For 
since  the  gradient  is  now  incomplete,  the  motions  inside  will 
keep  up  an  average  velocity  which  is  above  v  in  spite  of  the 
incursion   of  the  strangers.     This  surrender  of  momentum 
means  that  there  is  a  pressure  against  the  inside  of  the  hemi- 
spherical shell,  Avliich  does  not  exist  against  the  outside.  Now 
as  the  same  number  of  molecules  pass  in  as  pass  out  through 
every  part  of  this  hemisphere,  we  are  at  liberty  to  render  the 
shell  impervious  to  molecules,  if  we  substitute  for  its  hypo- 
thetical property  the  following,  which  can  be  easily  attained  in 
practice,  viz.  the  property  that,  although  molecules  may  come 
up  to  the  shell  Avith  velocities  of  which  the  average  is  above  r, 
they  shall  rebound  from  it,  and  in  rebounding  shall  be  sent 
off  with  velocities  of  which  the  average  has  been  reduced  to  v. 
This  only  requires  a  solid  shell  which  is  maintained  at  the 
temperature  t.     This  shell  suffers  on  the  outside  a  pressure  of 
p  grammes  per  square  centimetre,  and  within  a  pressure  of 
more  than  p  grammes  per  square  centimetre ;  while  if  a  simi- 
lar impervious  shell  at  the  same  temperature  is  substituted  for 
the  hemisphere  behind  the  disk,  it  suffers  a  pressure  of  p 
grammes  per  square  centimetre  both  on  the  inside  and  out- 
side.    The  final  change  may  now  be  made.     The  air  outside 
the  impervious  sphere  may  have  its  pressure  increased  and 
become  the  ordinary  air  of  a  room  without  disturbing  any 
part  of  what  goes  on  within  the  shell ;    and  we  have  now  an 
apparatus  which  is  in  fact  no  other  than  the  radiometer  with 
its  glass  containing-vessel  maintained  at  temperature  f. 

17.  Hence  there  is  pressure  on  the  inside  of  the  front  hemi- 
sphere of  glass  which  is  in  excess  of  the  pressure  on  the  inside 
of  the  hemisphere  behind  the  disk.     And  there  is  of  course 
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also  pressure  on  the  front  of  the  disk  in  excess  of  the  pressure 
on  its  back.  These  excesses  of  pressure  are  what  I  liave 
called  Crookes's  pressure.  From  the  mechanical  principle  of 
momentum  it  follows  that  their  resultants  must  be  in  a  right 
line  (which  is,  of  course,  perpendicular  to  the  disk),  equal  in 
amount,  and  opposite  in  direction. 

18.  It  has  been  urged  as  an  objection  to  this  explanation 
that  the  arms  of  a  radiometer  often  fly  round  so  fast  that 
their  revolutions  cannot  be  counteil,  and  that  they  appear  to 
the  eye  like  a  haze.  It  has  been  supposed  that  the  vanes,  in 
sweeping  round  so  rapidly,  would  mix  together  all  strata  of 
air  within  the  instrument,  so  as  to  prevent  the  development  of 
the  processions  which  I  have  described.  But  this  difficulty 
will  disappear  when  we  appreciate  the  exceeding  activity  of 
molecular  motions,  and  the  exceeding  shortness  of  that  first 
stage  of  the  phenomenon  which  I  have  called  the  period  of 
adjustment.  It  probably  occupies,  as  I  have  already  observed, 
something  like  the  25^^00  ^^  ^  second  of  time.  After  the  lapse 
of  some  such  mere  moment  of  time,  the  machinery  is  in  full 
operation,  so  that  the  vanes  might  probably  whirl  round  even 
hundreds  of  times  in  a  second  without  stopping  its  action. 

19.  Again,  it  has  been  supposed  that  the  rarefaction  in  the 
vacuum-chamber  is  carried  very  much  further  than  I  have 
admitted  in  my  former  paper.  Considerable  latitude  in  re- 
gard to  this  is  allowable  ;  and  it  w^ill  therefore  be  desirable  to 
examine  what  are  the  probable  limits  of  tension  within  which 
Crookes's  pressure  is  likely  to  be  appreciable. 

20.  It  must  be  remembered  that  when  the  disk  is  vertical, 
as  in  a  radiometer,  Crookes's  pressure  will  be  accompanied  by 
the  forces  occasioned  by  a  convection-current.  The  convec- 
tion-current will  influence  the  motion  of  the  vane  in  three 
ways.  It  will  bring  a  continuous  supply  of  cold  air  to  the 
front  of  the  disk,  which,  being  thrown  off"  "v\nth  augmented 
molecular  motions,  will  cause  a  recoil  of  the  disk  in  the  same 
direction  as  Crookes's  pressure.  The  convection  current  will 
also  occasion  a  defect  of  tension  in  front  of  the  disk,  by  that 
law  of  fluids  in  motion  according  to  which  the  tension  de- 
creases along  a  stream  wherever  the  velocity  increases.  This 
will  occasion  a  minimum  of  tension  where  the  velocity  of  the 
convection-current  is  greatest,  ?'.  e.  in  front  of  the  disk,  and 
will  thus  give  rise  to  a  force  opposed  to  Crookes's  pressure. 
And  again,  the  convection-current,  after  being  turned  down- 
wards by  the  roof  of  the  little  chamber,  is  likely  to  become  a 
draught  blowing  upon  the  back  of  the  disk  with  a  force  which 
is  also  opposed  to  Crookes's  pressure.     The  resultant  of  these 
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three  forces  seems  in  all  the  experiments  to  have  been  opposed 
to  Crookes's  pressure. 

21.  At  any  jiarticular  degree  of  exhaustion  it  is  only  the 
difference  between  this  resultant  and  Crookes's  pressure  which 
becomes  api)arent.  It  is  easy  to  see  that  as  the  rarefaction 
proceeds  convection-currents  will  become  in  some  degree  more 
active,  but  this  occurs  in  a  degree  sufficiently  moderate  to 
allow  the  resultant  force  to  diminish  continuously  as  the  ex- 
haustion proceeds.  On  the  other  hand,  what  I  have  called 
Crookes's  pressure  does  not  exist  at  all  until  such  a  degree  of 
rarefaction  has  been  attained  as  will  cause  the  gradient  to  ex- 
tend from  the  disk  beyond  the  walls  of  the  chamber ;  after 
this  is  once  effected,  if  the  exhaustion  be  still  continued, 
Crookes's  pressure  first  rises  to  a  maximum  and  then  steadily 
diminishes.  It  is  evident,  therefore,  that  there  is  a  certain 
tension,  depending  in  some  degree  upon  the  form  of  the  ra- 
diometer, at  which  the  excess  of  Crookes's  pressure  over  the 
force  arising  from  the  convection-current  will  be  a  maximum. 

22.  If  we  assume  that  the  chamber  is  of  such  a  considerable 
size  as  compared  with  the  size  of  the  disk  that  the  general 
temperature  of  the  air  within  it  is  but  slightly  raised  above 
that  of  the  glass,  the  following  formula  will  approximately 
give  the  value  of  Crookes's  pressure  : — 

Crookes's  pressure  per  square  centimetre 

_  1   h-d  M 

=  '      S     ^"273  +  ^' 

where  ~  means  is  nearly  equal  to,  and  where  p  is  the  out- 
standing tension  per  square  centimetre  within  the  chamber, 
h*  the  length  of  gradient  corresponding  to  p  and  A^,  d  the 
distance  of  the  disk  from  the  glass  in  front  of  it,  t  the  tempe- 
rature of  the  glass  and  of  the  back  of  the  disk,  regarded  as 
approximately  the  same,  and  finally  Ai  the  excess  of  tempera- 
ture imparted  to  the  front  of  the  disk. 

23.  Let  us  suppose,  as  in  my  former  paper,  that  — g—  will 
be  equal  to  f  j  when  p  is  ^JL^^  of  an  atmosphere.     Then  the 

*  The  value  of  8  at  any  tension  is  given  by  the  formula 

where  k  is  the  length  of  gradient,  i.  e.  the  thickness  of  the  thin  layer 
of  warmed  air,  when  air  at  the  temperature  t  and  at  the  pressure  of  one 
atmosphere  is  in  contact  with  a  body  whose  temperature  is  !;+l°(see 
Philosophical  Magazine  for  last  month,  p.  ]80,  §  7).  The  assumption  I 
venture  to  make  in  §§  6  and  22  amounts  to  this — that  k  is  as  much  as 
j-i-o  of  a  millimetre, 
t  This  follows  from  the  assumption  referred  to  in  the  last  footnote. 


Mr.  G.  J.  Stoney  on  Crookes's  Radiometer.  313 

value  of  this  fraction  will  scarcely  differ  from  unity  when  p 
becomes  loo^oo  or  i;ooo;ooo  of  'in  atmosphere.  Using  these  values 
for  — ^— ,  we  can  compute  by  the  foregoing  formula  how  much 

the  front  of  the  disk  would  need  to  be  warmer  than  the  rest 
of  the  apparatus  at  these  several  tensions,  to  produce  a  Crookes's 
pressure  of  the  hundredth  of  a  milligrannne  per  square  centi- 
metre, Avhich  is  an  amount  Mr.  Crookes  observed. 

24:.  Vi^e  thus  iind  that  if  there  were  no  convection-current  we 
should  produce  this  pressure  by  warming  the  front  of  the  disk 
about  0*09  of  a  degree  at  a  tension  of  j^Vob  ^^  ^^  atmosphere, 
while  an  elevation  of  0*6  of  a  degree  would  be  required  at  a 
tension  of  j^j^q^,  and  an  elevation  of  G°  at  a  tension  of  ^oooTocTo  ^^ 
an  atmosphere.  This  last  excess  of  temperature  maybe  looked 
upon  as  inadmissible,  since  it  is  not  likely  that  the  front  of  the 
disk  is  ever  so  much  as  6°  warmer  than  the  back.  Hence  we 
may,  I  think,  conclude  that  where  Crookes's  pressure  is  con- 
spicuously* present,  the  exhaustion  does  not  approach  the 
millionth  of  an  atniosphere  f. 

25.  The  probability  seems  to  be  that  the  effects  of  convection- 
currents  are  sufficiently  feeble  at  tensions  between  y^^Q  and 

UM^ouo  of  an  atmosphere  for  us  to  fix  on  some  tension  between 
these  limits  as  the  tension  at  which  we  are  likely  to  find  the 
greatest  apparent  effects,  i.  e.  the  greatest  excess  of  Crookes's 
pressure  over  the  resultant  of  the  forces  due  to  convection- 
currents. 

*  It  must,  liowever,  be  remembered  that  a  force  very  much  less  than 
the  hundredth  of  a  milligramme  per  square  centimetre  would  manifest 
itself  by  causing  motion  in  a  radiometer. 

t  This  would  atibrd  a  means  of  ascertaining  whether  there  is  any  re- 
sidual effect  not  accounted  for  by  the  foregoing  explanation,  if  we  might 
depend  on  the  methods  by  which  very  low  tensions  are  determined.  But 
it  is  evident  that  a  gas  which  can  be  occluded  in  any  of  the  solids  present, 
or  absorbed  in  any  liquid,  or  condensed  upon  the  surface  of  either,  or  any 
trace  of  vapour  which  either  the  solids  or  liquids  can  give  oil",  will  at  a 
certain  point  of  tenuity  elude  detection.  All  direct  methods  are  on  this 
account  so  untrustworthy  that  I  should  be  disposed  to  think  that  low 
tensions  may  be  best  estimated  by  observing  the  amount  of  torsion 
which  the  Crookes's  pressure  in  them  can  give  to  a  fibre  of  glass  or  silk, 

and  comparing  it  with  the  formula  in  §  22,  using  unity  for  — r—  when  the 

tension  is  excessively  low.  A  gauge  might  easily  be  constructed  upon 
this  principle. 
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XXXVI.  A  new  Arrangement  for  the  Micrometer  of  the  Auto- 
matic Spectroscope.     By  Walter  Baily  *. 

IN  some  spectroscopes  the  micrometer-wires  are  seen  by 
moans  of  a  pencil  of  light  reflected  from  the  surface  of  the 
last  prism  ;  but  this  arrangement  is  not  applicable  to  the  auto- 
matic spectroscope,  because  the  last  surface  of  its  last  prism  is 
perpendicular  to  the  axis  of  the  eye-telescope.  An  equivalent 
arrano-ement  may,  however,  be  made  by  using  one  of  the  forms 
of  prism  whose  sections  are  given  in  the  figures,  as  the  last 
prism  of  an  automatic  spectroscope.  The  light  to  be  analyzed 
having  passed  through  the  rest  of  the  train  of  prisms,  enters 
the  last  prism,  which  is  immovable,  through  the  side  A  B,  and 
emerges  through  C  D,  the  light  which  is  brought  to  a  focus  in 
the  centre  of  the  field  emerging  perpendicularly  to  C  D.  Let 
the  light  from  the  cross-wires  be  made  parallel  by  a  lens,  and 
let  P  Q  be  the  direction  of  the  light  from  the  centre  of  the 
cross.  In  fig.  1  P  Q  is  perpendicular  to  the  axis  of  the  eye- 
telescope,  in  fig.  2  P  Q  is  inclined  at  an  angle  of  120°,  and  in 
fio-.  3  at  an  angle  of  60°  to  this  direction.  P  Q  R  S  gives  the 
course  of  the  light  from  the  centre  of  the  micrometer-cross ; 
and  H  S  is  perpendicular  to  the  side  C  D  ;  and  therefore  the 
centre  of  the  cross  will  be  distinctly  seen  in  the  centre  of  the 
field  at  the  same  time  as  the  spectrum.  The  form  of  prism  to 
be  used  depends  upon  the  position  in  which  it  is  desired  to 
place  the  micrometer.  The  diameter  of  the  pencil  of  light 
from  the  micrometer  is  taken  in  the  figures  as  one  third  of  that 
throucrh  the  prisms  ;  and  the  latter  is  taken  as  the  unit  of  length 
in  the  following  dimensions  for  each  prism. 

Fig.  1.  Fig.  2. 
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*  Communicated  by  the  Author. 
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■B  =  120°;C  =  90°;  D  =  105°.     BE  =  |, 

and  is  parallel  to  C  D;  B  C  =  ^^;  B  A=    |tj  =  M5  ;  AE  is  un- 

polished. 
The  angle  between  B  A  and  D  E  =  45°. 

Fig.  2.  Angles:— A  =  60°;  B  =  150°;  D  =  90°  BE  =  J; 
the  perpendicular  from  B  on  CD  =  ^;  the  perpendicular 
from  BonAD=l;  DC  is  not  less  than  1 ;  C  E  is  unpolished. 

The  angle  between  B  E  and  D  0  =  60°. 

Fij?.  3. 


Fig.  3.  Angles:— A  =60°;  C  =  120°;  D  =  90°.  CE  =  ^; 
CD  =  1;    DA==^=l-35;  AB=4q  =  1-15;    BE  is  un- 

polished. 

The  angle  between  A  B  and  C  E  =  90°. 

In  the  scale  to  which  the  figures  are  drawn  the  unit  is  one 
inch.  If  desirable  the  sides  D  E  in  fig.  1,  and  DA  in  figs.  2 
and  3,  may  be  silvered,  as  they  are  only  used  for  reflection. 

24  Hyde  Terrace,  Leeds. 


XXXVII.  "  In  the  Beghming.'''' — I.  Mass  and  Position.  By 
Pliny  Earle  Chase,  Professor  of  Mathematics  in  Haver- 
ford  College*. 

IN  tracing  the  influence  of  undulations,  propagated  with  the 
velocity  of  light,  upon  cosmical  aggregation  and  dissocia- 
tion, I  have  shown  that  the  ratio  of  the  limiting  velocity  of  in- 
cipient dissociation  to  the  limiting  velocity  of  incipient  aggre- 

*  Communicated  bv  the  Author. 
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gation  is  1  :  tt  *.  While  I  have  questioned  the  propriety  of 
accepting  the  nebular  hypothesis  in  the  sense  in  which  it  is 
commonly  understood,  1  have  no  hesitation  in  yielding  it  the 
qualitied  acceptance  proposed  by  Herschel  f,  and  in  recognizing 
its  value  for  representing  the  results  of  tendencies  to  equili- 
brium between  centripetal  and  centrifugal  forces. 

The  position  of  Saturn  at  the  mean  centre  of  inertia  of  the 
solar  system,  its  low  density,  and  its  nebulous  rings,  would 
seem  likely,  a  priori,  to  furnish  indications  of  important  rela- 
tionships between  equilibrating  forces.  Such  indications  are 
actually  found,  both  in  planetary  masses  and  in  planetary  posi- 
tions. For  if  we  examine  the  masses  of  the  supraasteroidal 
planets,  we  find  the  following  accordances  : — 

1.  Neptune  is  to  Saturn,  as  the  time  of  describing  radius, 
in  direct  fall  to  the  centre,  is  to  the  time  of  circular  orbital  re- 
volution, or  as  1  :  s/  32. 

2.  Neptune  and  Saturn  are  in  inverse  ratio  to  their  times  of 
orbital  revolution.  They  would  therefore  have  equal  moments 
of  inertia,  near  their  lower  nebular  or  nucleal  radii!}:. 

3.  Uranus  is  to  Saturn,  as  the  time  of  describing  radius,  in 
a  circular  orhit,  is  to  the  time  of  orbital  revolution,  or  as  1 :  27r. 

4.  Uranus  and  Saturn  are  in  inverse  ratio  to  the  square 
roots  of  the  times  of  rotation  of  Jovian  nuclei,  the  radii  of 
which  correspond  with  their  respective  primitive  Jovicentric 
vector  radii  § ,  or  inversely  as  the  velocities  of  the  nucleal  rota- 
tions. They  would  therefore  have  equal  momenta,  with  re- 
ference to  Jupiter,  in  the  primitive  nucleal  arrangement. 

5.  Jupiter  and  Saturn  are  in  the  inverse  ratio  to  the  times 
of  nucleal  rotation  for  nucleal  radii  corresponding  to  their 
respective  vector  radii. 

6.  Consequently  Jupiter  and  Saturn  had  equal  moments  of 
inertia,  if  they  were  once  parts  of  the  same  nebulous  belt  ||. 

7.  Jupiter  is  to  the  aggregate  planetary  mass,  as  circular 
orbital  velocity  is  to  parabolic  perihelion  velocity,  or  as  1 :  >/  2. 

8.  If  the  aggregate  planetary  mass  were  collected  at  Jupi- 
ter's linear  centre  of  oscillation,  the  centre  of  gravity  of  the 
system  would  be  at  Sun's  surface. 

9.  Jupiter  and  the  residual  supraasteroidal   mass    are    so 

*  Phil.  Mag.  [IV.]  vol.  1.  p.  251. 

t  Outlines  of  Astronomy,  Sect.  871. 

X  Tlie  upper  nebular  or  vector  radii  vary  as  the  f  powers  of  the  orbital 
times ;  the  lower  nebular  or  nucleal  radii,  as  the  I  powers  of  the  times. 

§  See  Proc.  Amer.  Phil.  Soc.  Sept.  17,  1875. 

II  When  I  first  announced  this  relation  (Proc.  Amer.  Phil.  Soc.  vol.  \-iii. 
p.  141)  I  was  not  aware  that  it  had  been  communicated  to  the  American 
Association  by  Professor  Stephen  Alexander  in  1857.  See  his  '  Statement 
and  Exposition '  (Smithsonian  Contributions,  260),  p.  38. 
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related  as  to  pjive  Jupitoi*  an  inertia-moment,  at  a  centre  of 
spherical  gyration,  eciuivalent  to  that  of  the  remaining  mass  at 
the  corresponding  spherical  surface. 

10.  Saturn  and  the  Neptune-Uranian  belt  are  so  related  as 
to  give  equal  momenta,  in  reference  to  a  nodal  division  midway 
between  the  lower  nebular,  or  nucleal,  radii  of  Saturn  and 
Uranus. 

11.  Jupiter  and  Sun  are  so  related  as  to  balance  each  other, 
in  a  linear  pendulum,  of  which  the  geometrical  mean  planetary 
radius  vector  represents  a  centre  of  oscillation,  and  Sun's  sur- 
face represents  both  a  centre  of  suspension  and  a  fulcrum. 

Late  estimates  of  mass*  give  the  following  values,  Sun 
beinor  the  unit  : — 


Jupiter  -0009543269 

Saturn    -0002855837 


Uranus  -0000454545 

Neptune '0000507614 

Aggregate  Planetary  mass  -0013421925. 

On  the  basis  of  these  values  the   following  Table  is  con- 
structed : — 


A. 

B.             (A-B)-f-A. 

1.  h  -"y  X  V32 

•0002856 
•0002856 
•0002856 
•0002856 
•0002856 
•0002856 
•0009543 
•0009543 
•0009543 
•0002856 
•0009543 

•0002872 
•0002839 
•0002856 
•0002891 
•0002839 
•0002839 
•0009491 
•0009488 
•0009545 
•0002850 
•0009571 

--006 
+  •006 
-•001 
-012 
+•006 
+  •006 
+•005 
+  •006 
•000 
+  •002 
-•003 

2.    h  -IJf  X<-f-i^ 

3.    h  -  S  X27r 

4.   h  -  S  X 48^1 6 -=-7-572    

5.  h  -2^  y.f^f     

6.    >j  =^  Xf/j^-^-if^ 

7.   2|-pi,  -^V2 

8.  a^  =  o^(V2x|xlll7^9)    ... 

9.  n-X^'^^-A  

10.   ij -s  %x21•15-^7•14  

11.  U-(T)-^  (4x696-54)      

The  fourth  accordance  is  computed  as  fol]oAvs.  The  rotation- 
radii,  or  the  radii  of  solar  nuclei  which  would  rotate  synchro- 
nously with  the  respective  planets,  are,  for  Neptune  49-0168, 
Uranus  35-006,  Saturn  20-726,  Jupiter  13-154,  Sun's  present 
radius  being  the  unit.  Stockwell  has  foundf  that  the  mean 
perihelion  longitudes  of  Jupiter  and  Uranus  ditfer  by  exactly 
180°,  while  the  mean  node  longitudes  of  Jupiter  and  Saturn 
also  differ  by  180°.  Tlierefore,  if  the  two  outer  two-planet 
belts  were  compared  before  their  h)-pothetical  rupture,  the 
rotation-radii,  when  referred  to  Jupiter,  would  be  : — 

Saturn  =20-726-13-154=7-572; 

Uranus  =35-006  +  13-154=48-16. 

*  Proc.  Amer.  Phil.  Soc.  1875,  p.  3, 

t  Smithsonian  Contributions,  232,  p.  xiv. 
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In  the  eighth  and  eleventh  accordances,  Earth's  mean  radius 
vector  being  214-86  solar  radii,  5-2028  x  214-86  =  1117-87  ; 
and  the  frconiotrical-mean  radius  vector 

($x?x#xdx2^xhx  S  x'y)i=696-54. 

The  tenth  accordance  is  found  by  first  taking  the  mean  of 
the  rotation-radii  of  Saturn  and  Uranus 


20-7258  +  35-0062 


27-866 


> 


and  recjarding  it  as  a  node  of  reference  for  the  rotation-radii 
of  Saturn  and  Neptune 

(27-866-20-7258=7-1402 ;  49-0168-27-866=21-1508). 

The  relationships  of  position  seem  to  be  primarily  dependent 
upon  the  properties  of  elastic  media.  In  such  media,  as  the 
distances  from  a  centre  of  force  increase  in  arithmetical  pro- 
gression, the  densities  decrease,  in  geometrical  progression  if 
the  central  force  is  constant,  in  harmonic  progression  if  the 
central  force  varies  inversely  as  the  square  of  the  distance.  In 
the  earliest  stages  of  nucleal  aggregation,  when  particles  are 
subjected  to  nearly  equal  impulses  from  every  direction,  but 
with  a  slight  preponderance  towards  special  nucleal  centres, 
the  variations  from  constancy  of  force  may  be  so  slight  as  to 
introduce  a  geometrical  progression  ;  and  if  those  tendencies 
occur  when  the  contest  between  the  aggregating  and  dissocia- 
ting forces  is  the  strongest,  the  ratio  of  such  progression  should 
be  1  :  TT.  If  we  compare  the  vector  radii  of  the  aphelion  pla- 
nets in  each  of  the  aphelion  or  supraasteroidal  two-planet  belts, 
M'ith  the  vector  radii  of  the  perihelion  planets  in  each  of  the 
perihelion  or  infraasteroidal  belts,  we  find  the  following  coin- 
cidences— Saturn,  with  its  nebulous  ring  and  its  position  of 
mean  planetary  inertia,  being  the  starting-point  for  the  7r-geo- 
metrical  series  as  well  as  for  the  correlative  detenninations  of 
planetary  mass.     The  tabular  unit  is  Sun's  radius. 


A. 

B. 

(A-B)^B. 

TzXtt^ 

6438-75 

"ijr  mean 

645306 

--0022 

hXTT" 

2049-51 

h      " 

2049-51 

h  Xn-1 

652-38 

•X-      " 

652-38 

h  X7r-2 

207-66 

ffi  perihelion 

207-58 

+■0004 

h  X7r-3 

66-10 

9 

68-48 

-0361 

©Xtt-I 

68-39 

5 

68-48 

-•0013 

These  several  accordances  of  mass  and  position  are  brought 
into  simple  correlation  with  my  planetary  pendulums  *  by  the 
nucleal  action  of  the  velocity  of  light,  at  the  geometrical-mean 
*  Phil.  Mag.  [IV.]  vol.  1.  p.  250. 
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planetary  radius  vector,  which  corresponds  to  planetary  velo- 
city at  the  mean  perihelion  centre  of  ^rnivity  of  Sun  and  Ju- 
piter;  for  Jupiter's  mean  excentricity  being  '04316*,  the 
mean  perihelion  centre  of  gravity  is  at 

•95684  X  1117-87H- 1047-879  =  10208. 
The  time  of  planetary  revolution  is 

1  year  -r(214-86-r-l'0208)t  =  10333-8  seconds; 

the  velocity  is  therefore  27r?' x  1-0208 -f- 10333-8  per  second. 
The  velocity  of  light  is  214-86  ;-^497-83,  which  is  695-4  times 
the  theoretical  equatorial  velocity  of  the  nucleus,  or  the  equa- 
torial velocity  of  a  nuclear  atmosphere  extending  to  695-4/-. 
This  difters  by  less  than  ^  of  1  per  cent,  from  the  mean  plane- 
tary radius  vector. 

Philadelphia,  November  1875. 

XXXVIII.  Notices  respecting  Neio  Books. 

Physical  Geography ,  or  the  Terraqueous  Globe  and  its  Pheiiomeua. 
illustrated  u'ith  125  ivood  engravings,  frontispiece,  and  12  maps. 
By  "William  Desboeough  Cooley.  London  :  Dulau  and  Co., 
1876  (8 YD,  pp.  429). 

"  /^EOGEAPHT,  as  the  word  imports,  is  a  delineation  or  de- 
^^  scription  of  the  earth,  lu  its  widest  sense  this  comprehends 
not  only  the  delineation  of  the  form  of  its  continents  and  seas,  its 
rivers  and  mountains,  but  their  physical  condition,  climates  and 
products,  and  their  appropriation  by  communities  of  men"t.  Ac- 
corduigly  it  admits  of  division  into  three  fairly  distinct  branches, 
viz.  Mathematical,  Descriptive,  and  Physical  Geography.  The 
first  might  be  classed  as  a  branch  of  Astronomy  :  the  second,  if  its 
relations  to  History  are  put  on  one  side,  is  httle  more  than  a 
description  in  words  of  the  facts  that  are  presented  to  the  eye  in  a 
good  set  of  maps.  The  third.  Physical  Geography,  can  scarcely  be 
considered  as  a  separate  science  ;  it  is  rather  a  delineation  of  facts 
based  upon  a  knowledge  of  all  natural  sciences ;  it  passes  in  review 
whatever  is  known  respecting  the  form,  internal  heat,  electro-mag- 
netic tension  of  our  planet,  the  volcanic  reaction  of  its  interior  on 
its  solid  crust,  the  phenomena  of  its  aerial  and  watery  oceans,  the 
distribution  of  the  various  forms  of  organic  Ufe  over  its  surface, 
and,  so  far  as  they  can  be  made  out,  the  causes  ^^•hose  action  in  the 
past  have  determined  the  present  condition  of  the  surface,  and  the 
distribution  of  organic  forms  upon  it.  It  is  plain  that  a  subject 
embracing  so  many  topics,  many  of  them  with  scarcely  any  mutual 
connexion  that  can  be  traced,  admits  easily  of  division  in  several 

•  Stockwell,  op.  cit.  p.  38. 

t  Outlines  of  Astronomy,  c.  iv.,  by  Sir  J.  IJerschol. 
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different  ways  at  the  will  of  the  writer.  Mr.  Cooloy  proceeds  as 
follows : — He  excludes  Descriptive  Geography,  and  all  that  relates 
to  organic  life,  and  to  the  history  of  previous  conditions  of  the 
surface;  at  least,  if  notice  is  taken  of  these  subjects,  they  come  in  as 
episodes.  By  May  of  introduction  he  gives  a  sketch  of  Mathe- 
matical Geogi'aphy,  and  so  much  Astronomy  as  is  needed  for  its 
exposition,  and  then  takes  so  much  of  Physical  Geography  as 
relates  to  what  is  frequently  called  the  "  inorganic  life "  of  the 
earth.  To  use  his  own  words,  Physical  Geography  "  is  the  de- 
partment of  science  which  embraces  the  course  of  physics  reigning 
on  the  earth's  surface  over  land,  sea,  and  air."  It  will  be  seen 
from  this  that  our  author  takes  a  view  of  the  limits  of  his  subject 
different  from  that  taken  by  most  writers.  No  objection  can  be 
raised  to  his  doing  this  in  a  subject  so  extensive  that  an  accurate 
acquaintance  with  both  the  excluded  and  included  parts  can  rarely 
be  acquired  by  one  man.  He  also  differs  from  other  writers  in 
another  way.  They  commonly  assume  their  readers  to  be  ac- 
quainted with  the  physical  principles  which  are  exemplified  in 
terrestrial  phenomena.  Mr.  Cooley,  however,  thinks  it  better  to 
include  an  account  of  these  principles  in  the  course  of  his  work. 
The  consequence  is  that  their  discussion  is  not  sufficiently  full  to 
meet  the  wants  of  learners,  and  is  unnecessary  for  others ;  besides, 
the  need  of  breWty  in  the  exposition  of  these  incidental  matters 
has  apparently  led,  in  some  cases,  to  what  is,  at  best,  inexact 
statement. 

The  twelve  maps  wdth  which  the  work  is  illustrated  are,  as  might 
be  expected,  maps  of  Isothermal,  Isobaric,  Cotidal,  Isogonal,  and 
Isoclinal  lines,  of  regular  winds  and  rains,  and  of  Oceanic  Currents. 
They  are  all  well  drawn  ;  and  the  six  of  Isothermal  and  Isobaric 
lines  are  very  elegant  maps,  and  very  distinct,  though  on  so  small 
a  scale  that  they  are  printed  with  a  good  margin  on  an  octavo  page. 
It  is  to  be  regretted  that  maps  of  this  kind  are  not  printed  in  such 
a  maimer  as  to  indicate  approximately  the  degree  of  confidence 
that  can  be  placed  on  the  several  lines.  In  Europe  and  elsewhere 
they  are  fairly  trustworthy ;  but  in  some  cases  the  data  must  be 
very  insufficient,  and  in  others  a  bold  distinct  luie  is  contmued 
through  districts  where  for  1000  miles  at  a  stretch  not  a  single 
observation  has  ever  been  made  ;  e.g.  in  the  map  of  Isothermal 
lines  for  July  the  southern  Isotherm  of  60°  passes  through  Southern 
and  Western  Australia  about  midway  between  the  tracks  of  Mr. 
Eyre  and  Colonel  Warburton,  and  the  southern  Isotherm  of  80° 
goes  through  the  middle  of  New  Guinea  nearly  along  its  length. 

A  work  like  the  present  embraces  a  wide  range  of  facts ;  and  of 
course  there  is  a  proportionately  great  risk  of  errors  occurrmg  here 
and  there.  We  have  compared  a  considerable  number  of  Mr. 
Cooley's  statements  with  those  of  other  writers ;  and  we  see  no 
reason  to  doubt  their  general  accuracy.  But  we  think  his  book 
can  hardly  be  regarded  as  a  work  of  authority.  We  have  noted 
several  points  in  which  his  sl-atements  are  either  inexact,  or  liable 
to  be  questioned.     We  wall  give  a  few  instances. 
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On  p.  15,  and  again  on  p.  21,  we  are  informed  that  "  a  second 
of  space  is  about  tlie  sixtieth  part  of  the  smallest  jjoint  distinctly 
visible  to  the  naked  e_ye."  This  must  depend  on  the  eye  and  th(i 
light ;  we  doubt  whether,  at  a  distance  of  290  feet,  any  eye  could 
see  a  circle  an  inch  in  diameter  as  a  circle  ;  but  an  ordinary  eye 
could  see  it  in  a  good  light  at  a  considerably  greater  distance,  and 
Saturn  with  an  apparent  d'.ameter  of  about  15"  is  distinctly  visible 
on  a  clear  night.  On  p.  2(5  we  read  that  "  the  force  of  rotation  of 
a  globe  like  the  earth,  nearly  8000  miles  in  diameter,  and  spinning 
round  at  the  rate  of  moi'e  than  17  miles  a  minute,  is  quite  sullicient 
to  render  the  position  of  its  axis  incapable  of  change."  By  position 
we  assume  the  author  to  mean  position  within  the  body  of  the 
earth,  because  in  space  its  position,  or  rather  direction,  undergoes 
change  from  precession,  in  \irtue  of  w hich  it  describes  a  cone  round 
a  line  at  right  angles  to  the  plane  of  the  ecliptic.  The  reason  why 
the  line  within  the  earth  round  which  it  rotates  never  varies  much 
from  a  mean  position  is  neither  the  size  of  the  globe  nor  its 
angular  velocity,  but  its  shape.  It  is  the  bulge  at  the  equator 
which  confines  the  axis  of  rotation  to  nearly  one  position  within 
the  earth.  On  p.  45  we  meet  with  the  following  statement : — 
"  The  most  remarkable  instance  of  abnormal  gravitation  occurs  at 
the  southern  base  of  the  Himalaya  Mountains.  In  consequence 
of  it,  we  are  told,  the  sea  at  Karachi,  near  the  mouth  of  the  Indus, 
is  514  feet  above  the  sea  at  Cape  Comorin,  the  line  of  level  being 
raised  to  that  extent  by  the  attraction  of  the  mouutains."  The 
authority  for  this  statement,  we  presume,  is  a  paper  by  the  late 
Archdeacon  Pratt,  of  which  an  abstract  is  given  in  vol.  ix.  pp.  597-9 
of  the  Proceedings  of  the  Royal  yociety.  Subsequently,  however, 
the  Archdeacon  revised  his  calculation  and  brought  out  as  a  result 
that,  in  consequence  of  the  attraction  of  the  Himalayas  and  the 
deficiency  of  matter  in  the  Southern  Ocean,  the  sea  would  be  116 
4-448  or  564  feet  higher  at  Karachi  than  at  Cape  Comorin  ;  but 
then  he  adds  that,owmg  to  counterbalancing  causes,  the  change  in  the 
sea-level  is  insensible  ('Figure  of  the  Earth,'  4th  ed.  pp.  233,  201). 
On  p.  73  our  author  expresses  himself  so  incautiously  as  to  lead 
an  uninformed  reader  to  suppose  that  the  image  of  a  point  seen  by 
reflection  is  formed  on  the  reflecting  surface.  On  p.  106  we  come 
on  the  follo^ving  strange  statement.  Commenting  on  an  opinion 
of  M.  Ponillet,  that  the  temperatui'e  of  space  is  much  above  the 
absolute  zero,  and  that  this  is  attributable  to  radiation  from  the 
stars,  our  author  observes,  "  He  seems  to  have  miscalculated 
through  forgetting  that  a  high  temperature  can  be  brought  about 
only  by  a  rise  in  the  scale,  and  not  by  a  multiplication  of  low  tem- 
peratures. If  the  heat  communicated  by  each  star  be  32°,  then  the 
heat  of  10,000  stars  will  be  no  greater  than  that  of  so  many 
icebergs." 

On  the  whole  Mr.  Cooley  has  written  an  interesting  and,  in 
some  respects,  valuable  work  ;  but  in  the  study  of  it  the  reader 
vill  have  to  be  on  his  guard,  as  the  statements,  though  generally 
trustworthv,  are  sometimes  open  to  exception.     Matters  of  spccu- 
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lation  (such  as  llie  doubts  raised  by  the  author  as  to  the  original 
(luidity  of  tlie  rartli)  speak  for  themselves  ;  and  the  reader  Biay  be 
expected  to  take  discussions  o£  such  questions  for  what  they  are 
worth.  . 
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January  6,  1876. — Joseph  Dalton  Hooker,  C.B.,  President,  in 
the  Chair. 

nPHE  following  papers  were  read  : — 

"  On  the   Action   of   Light  on  Tellurium  and   Selenium." 
By  Prof.  W.  G.  Adams,  P.E.S. 

Two  platinum  wires  were  attached  to  the  ends  of  a  small 
bar  of  tellurium,  about  1  inch  in  length,  by  heating  the  wires  to 
a  bright  red  heat  and  bringing  them  suddenly  into  contact,  one  with 
each  end  of  the  bar.  The  platinum  wires  melted  a  small  portion 
of  the  tellurium,  and  became  imbedded  in  it.  The  resistance  of 
the  bar  and  wires  Mas  about  half  an  ohm.  The  tellurium  was 
placed  in  a  box,  and  its  res'stance  balanced ;  then  it  was  exposed 
10  the  light  of  a  paraffin-]amp,  just  as  in  the  experiments  \^dth  sele- 
nium. At  first  the  light  seemed  to  have  no  effect;  but  in  con- 
sequence of  the  heat  from  the  lamp,  the  resistance  of  the  tellurium 
was  increased. 

On  placing  a  rectangular  vessel  of  water  between  the  lamp 
and  the  tellimum  and  then  exposing  as  before,  there  was  no  change 
of  resistance  in  the  tellurium,  shoeing  that  if  there  was  any  dimi- 
nution in  the  resistance  due  to  the  action  of  light  it  was  entirely 
balanced  by  the  increase  in  the  resistance  due  to  heating  by  the 
current  and  by  the  residual  portion  of  the  radiant  heat. 

On  replacing  the  rectangular  vessel  of  water  by  a  beaker  of 
water,  so  as  to  focus  the  light  of  the  lamp  on  the  tellurium,  there 
was  found  on  exposure  to  be  a  diminution  in  the  resistance  of  the 
tellurium,  which  gradually  increased  until  the  galvanometer-needle 
was  deflected  through  30  divisions  of  the  scale.  The  needle  was 
then  brought  back  to  zero  by  altering  one  of  the  slide-resistances 
in  the  circuit.  The  agreement  between  the  amounts  of  the  change 
of  resistance  in  several  successive  experiments,  with  intervals  be- 
tween them,  was  very  close.  Thus,  in  three  experiments  on  October 
8th, 

The  change  in  the  first  experiment  was  124  millims.  of  wii'e, 
„         second      „  „       120 

third  1  '^2 

showing  a  diminution  in  the  resistance  of  the  tellurium  amounting 
to  about  one  thousandth  part  of  its  whole  resistance  on  exposure 
to  the  hght  of  the  parafhn-lamp. 

On  repeating  the  experiments  with  the  tellurium  which  had  not 


Action  of  Lhjht  on  SeJeiiuiin.  323 

been  exposoil  to  light  for  seven  days,  tlie  tolliuMuiu  was  found 
to  be  much  more  sensitive.  When  exposed  at  a  distance  of  about 
lialf  a  metre,  as  before,  to  the  parallln-himp  the  ueedle  was  gra- 
dually deflected  through  30  divisions  of  the  scale,  showing  that 
the  resistance  of  the  tellurium  was  now  diminished  as  much  with- 
out interposing  the  beaker  of  water  as  it  had  previously  been  when 
the  beaker  was  interposed.  On  making  no  change  whatever,  except 
placing  the  beaker  of  water  between  the  lamp  and  the  tellurium, 
so  as  to  focus  the  light  on  the  tellurium,  the  deliection  of  the  needle 
gradually  increased  to  80  and  then  more  slowly  to  TOO  divisions. 
On  balancing  this  deliection,  it  was  found  that,  to  bring  the  needle 
to  zero,  it  was  necessary  to  diminish  the  slide-resistance  by  400 
millims.  Thus  the  diminution  produced  in  the  resistance  by  expo- 
sure to  the  light  of  the  paraiKn-lamp  was  ^^th  of  the  whole  re- 
sistance of  the  tellurium. 

On  exposing  the  selenium  bar  used  in  my  experiments  to  the 
direct  rays  of  the  same  parailin-lamp  at  the  distance  of  1  metre, 
the  resistance  of  the  selenium  was  diminished  by  one  fifth  of  its 
whole  resistance. 

I'rom  the  above  experiment  we  see  that  at  the  distance  of  half  a 
metre  (that  is,  \\T.th  light  of  four  times  the  intensity)  the  change  of 
resistance  in  the  tellurinm  under  the  same  conditions  is  only 
yJ^i-j)th  part  of  its  whole  resistance. 

On  exposing  the  selenium  to  a  constant  source  of  light  at 
different  distances,  the  change  in  the  resistance  of  the  selenium 
on  exposure  for  10  seconds  (as  measured  by  the  swing  of  the  gal- 
vanometer-needle) is  almost  exactly  inversely  as  the  distance,  i.  e. 
directly  as  the  square  root  of  the  illuminating  power.  This  law 
is  true  whether  the  source  of  light  be  1  candle  or  an  Argand  lamp 
whose  illuminating  power  is  equal  to  16  caudles. 

Taking  the  mean  of  a  number  of  experiments,  all  of  which 
agreed  pretty  well  together,  the  deflections  at  the  several  distances 
were  : — 

At  ^  metre.     At  ^  metre.   At  1  metre.   At  2  metres. 
With  Argand  lamp . .  . .  170  83  39 

„     candle 41  18  8 

„     candle 82  39  18  8 

Another  series  of  experiments  with  a  candle  and  Argand  lamp 
(when  the  illuminating  power  of  the  lamp  was  equal  to  12  candles), 
both  at  the  distance  of  1  metre,  gave  the  follo\^'ing  results : — 
With  the  candle  the  deflection  was  19  in  10  seconds. 
„         Argand  lamp      „  66  „ 

The  ratio  of  the  deflections  is  very  nearly  1  to  3|. 

These  experiments  clearly  show  that  the  change  in  the  resist- 
ance of  the  selenium  is  directly  as  the  square  root  of  the  illuminatimj 
jpower, 

[Correction. — lu  my  former  paper  on  tbis  subject  (Pbil.  Mag.  Feb.  187G), 
on  page  15(i,  line  17,  omit  the  word  "opposing,"  and  line  23,  for  "  wliich 
opposes"  read  "  in  the  same  direction  as";  a!so  on  page  159,  line 23,  for  "  which 
opposes  a"  read  "  in  the  tame  direction  as  the";  to  the  end  of  line  26  add  "but 
in  the  opposite  direction."] 
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"  Oil  the  Eefraction  of  Sound  by  the  Atmosphere."  By  Prof. 
Osborne  lieynolds,  Owens  College,  Manchester. 

This  paper  may  be  said  to  consist  of  two  divisions.  The  first 
contains  an  acconnt  of  some  experiments  and  observations  under- 
taken with  a  view  to  ascertain  how  far  the  refraction  of  sound  caused 
by  the  upward  variation  of  temperature  may  be  the  cause  of  the 
difference  in  the  distances  to  which  sounds  of  the  same  intensity 
may  be  heard  at  different  times. 

Some  rockets,  capable  of  rising  1000  feet  and  then  exploding  a 
cartridge  containing  12  oz.  of  powder,  having  been  procured,  an 
effort  was  made  to  compare  the  distance  at  which  the  rockets  could 
be  heard  with  that  at  which  a  gun,  tiring  \  lb.  of  powder  and 
making  a  louder  report  than  the  rockets,  could  be  heard  under  the 
same  conditions  of  the  atmosphere.  In  the  first  instance  the  rockets 
and  the  gun  were  fired  from  a  spot  in  Suffolk  around  which  the 
country  is  tolerably  flat,  observers  being  stationed  at  diffei'ent 
distances.  Owing,  howe^  er,  to  the  effect  of  the  wind  and  the  time 
required  for  the  observers  to  proceed  to  the  distant  statioiis,  these 
experiments  were  not  successful  in  establishing  the  comparative 
merits  of  the  gun  and  the  rockets.  They  were,  however,  important 
as  showing  that  on  hot  calm  days  in  July  the  reports  of  the  rockets 
never  failed  to  be  distinctly  audible  at  distances  of  4  and  5  miles, 
although  the  sun  at  the  time  was  shining  with  full  force  on  the 
ground  and  rendering  the  air  near  the  surface  so  heterogeneous 
that  distant  objects  seen  through  it  appeared  to  wave  about  aud 
twinkle. 

The  next  attempt  was  made  during  a  cruise  on  the  east  coast. 
After  three  weeks  cold  and  \vindy  weather,  the  19th  of  August  was 
a  fine  day  ;  and  some  experiments  were  made  in  Lynn  Deeps,  which 
revealed  a  very  extraordinary  state  of  the  atmosphere  as  regards 
the  transmission  of  sound.  A  party  rowed  away  from  the  yacht 
in  one  of  her  boats,  it  having  been  arranged  beforehand  that  either 
a  rocket  or  a  large  pistol  was  to  be  fii'ed  from  the  yacht  when  sig- 
nalled for ;  also  that  when  those  on  the  yacht  heard  those  in  the 
boat  call  they  should  answer.  The  boat  proceeded  to  a  distance  of 
5  miles,  until  those  on  the  yacht  had  completely  lost  sight  of  it ; 
but  all  the  time  the  calls  from  the  boat  were  distinctly  heard  by 
those  on  the  yacht,  although  after  they  had  lost  sight  of  the  boat 
they  ceased  to  answer  the  calls.  On  the  boat  also  not  only  were 
the  reports  of  the  pistol  and  rockets  distinctly  heard,  but  every 
answer  from  the  yacht  was  heard  plainly.  The  last  came  after  an 
interval  of  35  seconds,  which  gave  the  distance  3|  miles.  Nor  was 
this  all ;  but  guns,  and  on  one  occasion  the  barking  of  a  dog,  on 
the  shore  8  miles  distant  were  distinctly  heard,  as  were  also  the 
paddles  of  a  steamer  15  miles  distant. 

The  day  was  perfectly  calm,  there  was  no  wind,  the  sky  was  quite 
clear,  aud  the  sun  was  shining  with  great  power — conditions  which 
have  been  described  as  most  favourable  to  the  stoppage  of  the  sound 
by  the  heterogeneity  of  the  atmosphere,  and  which  may  also  be 
described  as  most  favourable  for  great  upward  refraction.  On 
this  day,  however,  it  was  observed  that  all  the  time  distant  objects 
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loomed  cousiderably,  i.  e.  appeared  lifted.  This  showed  tliat  the  air 
was  colder  near  the  surface  of  the  sea  than  it  was  above.  It  is 
to  this  cireumstanee  that  the  extraordinary  distances  to  which 
sounds  were  heard  on  this  day  is  supposed  to  be  due.  The  dimi- 
nution in  the  temperature  of  the  air  being  down\\ards,  the  sound, 
instead  of  being  lifted  as  it  usually  is,  \\as  brought  down,  and 
thus  intensilied  at  the  surface  of  the  water,  which,  being  perfectly 
smooth,  was  thus  con\"erted  into  a  sort  of  w  hispering-gallery. 

The  report  of  the  pistol  and  the  sound  of  the  voices  were  attended 
with  echoes,  but  not  so  the  reports  of  the  rockets ;  and  it  is  sug- 
gested that  these  so-called  echoes  may  be  found  only  to  attend 
sounds  having  a  greater  intensity  in  one  direction  than  in  another. 

The  second  part  of  the  paper  refers  to  a  phenomenon  noticed  by 
Arago  in  his  report  of  the  celebrated  experiments  on  the  velocity 
of  sound  made  on  the  nights  of  the  21st  and  22nd  of  June,  1822. 

It  was  then  found  tliat,  although  the  gmis  lired  at  Montlhery 
could  be  distinctly  heard  at  Villejuif  (11  miles  distant),  those  fired 
at  Yillejuif  could  not  be  heard  at  Montlhery  without  great  atten- 
tion, and  at  times  (particularly  on  the  second  night)  they  were 
not  heard  at  all — although  on  both  nights  the  wind  was  blowing 
from  Yillejuif  to  Montlhery,  the  speed  of  the  wind,  which  was  very 
light,  being  about  1  foot  per  second.  Xo  explanation  of  this  phe- 
nomenon was  offered  by  the  observers,  although  it  was  much  com- 
mented on.  And  on  the  second  night  the  gun  at  Yillejuif,  which  on 
the  previous  night  had  been  pointed  upward,  was  brought  down  in 
the  hope  that  this  might  improve  its  audibility  (this  step,  however, 
was  found  to  render  matters  m  orse  than  before). 

From  this  lo\\ering  of  the  gun  at  Yillejuif  it  seemed  as  though 
there  was  probably  some  difference  in  the  conditions  under  which 
the  guns  at  the  Uvo  stations  were  placed,  as  if  that  at  Villejuif 
v\  as  fired  from  a  level,  while  that  at  Montlhery  might  be  fired  over 
a  parapet.  An  inspection  of  the  district  confirmed  this  view  ;  for 
Yillejuif  is  on  a  low  flat  hill,  while  Montlhery  is  on  the  top  of  a 
steep  cone  ;  and  not  only  is  it  80  feet  above  Yillejuif,  but  it  is  sur- 
mounted by  the  mound  of  an  old  castle,  which  is  supported  by  a 
vertical  wall  to\\ards  Yillejuif  and  surrounded  by  a  lofl-  rampart. 
Hence  it  is  suggested  that  in  all  probability  the  advantage  of  the 
gun  at  Montlhery  was  due  to  its  being  fired  over  this  parapet,  while 
that  at  Yillejuif  was  fired  from  the  \e\e\  gi'ound. 

The  fact  that  the  wind  blowing  from  Yillejuif  did  not  reverse 
this  advantage,  suggested  the  possibility  that  at  night,  when  the  di- 
minution of  temperature  is  downward,  a  light  wind  may  not  pro- 
duce the  same  effect  upon  sound  as  when  the  diminution  of  tem- 
perature is  upward,  as  it  generally  is  during  the  day. 

To  ascertain  if  this  is  the  case,  some  observations  were  made  on 
some  calm  nights  in  May  and  June  of  the  present  year,  from  which 
it  was  found  : — 

(1 )  That  when  the  sky  was  cloudy  and  there  was  no  dew,  the  sound 
of  an  electric  bell  1  foot  above  the  grass  could  always  be  heard  fur- 
ther with  the  \\ind  than  against  it ;  but 

(2)  that  when  the  sky  was  clear  and  there  was  a  heavy  dew,  the 
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sound  could  invariably  be  heard  as  far  against  a  liglit  wind  as  with 
it,  and  in  som3  cases  much  further.  On  one  occasion,  when  the 
temperature  at  1  foot  above  the  grass  was  38°  and  at  8  feet  47°,  and 
the  speed  of  the  wind  was  1  foot;  per  second  at  5  feet  above  the 
grass,  the  bell  was  heard  440  yards  against  the  wind  and  only  270 
with  it. 

Since,  therefore,  on  the  nights  of  the  experiments  at  Villejuif 
and  Montlhery  it  is  stated  that  the  slcy  was  clear,  that  there  was 
dew,  and  the  temperature  recorded  at  the  two  stations  shows  the 
diminution  to  have  been  downwards,  it  is  argued  that  the  effect 
of  the  wind  to  render  the  sound  less  audible  at  Villejuif  was  com- 
pletely balanced  by  the  downward  refraction  of  temperature. 

Another  plieuomeuon  recorded  by  Arago  is,  that  while  the  re- 
ports of  the  guns  at  Moiitlhery  as  heard  at  that  station  were 
attended  with  prolonged  echoes,  this  was  not  the  case  with  those 
at  Villejuif.  It  is  thought  that  this  difference  is  sufficiently  ac- 
counted for  by  the  fact  that  while  Montlhery  is  surrounded  by  high 
hills  with  precipitous  or  wooded  sides,  which  must  produce  echoes, 
the  country  in  front  of  Villejuif  is  very  flat  and  has  not  a  tree 
upon  it  for  miles. 

In  concluding  the  paper  reference  is  made  to  the  Appendix  to 
the  last  Report  of  the  American  Lighthouse  Board,  in  which  Dr. 
Henry,  the  Chairman,  gives  an  account  of  his  experiments,  extend- 
ing over  thirty  years,  and  the  conclusions  to  which  they  have  led 
him,  both  of  vvhich  are  in  favour  of  the  apparent  stoppage  of 
the  sound  being  due  to  refraction. 
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Jan.  19,  1876.— John  Evans,  Esq.,  E.E.S.,  President,  in  the  Chair. 
The  following  communications  were  read  : — 

1.  "On  some  Unicellular  Algce  parasitic  within  Silurian  and 
Tertiary  Corals,  with  a  notice  of  their  presence  in  Ccdceola  sanda- 
lina  and  other  fossils."  By  Professor  P.  IMai-tin  Duncan,  E.U.S., 
V.P.G.S.,  &c. 

2.  "  How  Anglesey  became  an  Island."  By  Prof.  A.  C.  Eamsay, 
LL.D.,  F.R.S.,  V.P.G.S. 

The  author  described,  and  illustrated  by  sections  drawn  to  scale, 
the  contours  of  the  island  of  Anglesey  and  the  adjacent  parts  of 
Carnarvonshii-e,  and  noticed  that  the  whole  island  may  be  regarded 
as  a  gritty  undulating  plain,  the  higher  parts  of  which  attain  an 
average  elevation  of  from  200  to  300  feet  above  the  sea-lcvol. 
Similar  conditions  are  presented  by  the  country  for  some  miles  on 
the  other  side  of  the  straits ;  and  in  both  the  general  trend  of  the 
valleys  is  north-east  and  south-west.  The  rock  surfaces,  when  bare, 
show  glacial  striae  running  generally  in  a  direction  30°  to  40°  west 
of  south. 

The  author  indicated  that  the  great  upheavals  of  the  crust  of  the 
earth  forming  mountains  took  place  long  before  the  commencement 
of  the  Glacial  epoch,  and  that  ordinary  agents  of  denudation  had 
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ample  time  for  the  fonnition  in  iiDuiitiua-rcgions  of  deep  valleys, 
down  wliich,  during  the  Glacial  epoch,  glaciers  would  take  tlieir 
course.  He  noticed  the  evidence  of  this  local  glaciat'on  furnished 
by  the  striatiou  of  the  Welsh  mountains,  from  wh'ch  he  inferred 
that  these  mountains  as  a  whole  were  not  overridden  by  a  great 
ice-sheet  coming  from  the  north,  and  he  described  the  course  of  tho 
glaciers  flowing  from  the  north-west  slopes  of  Snowdonia  as  being 
in  the  directions  west,  north-west,  and  north.  These  glaciers, 
however,  did  not  reach  the  region  now  occupied  by  the  Mcuai  Straits, 
bat  spread  out  in  broad  fais  on  the  north-western  slopes  of  the  hills 
now  overlooking  the  Straits — a  fact  indicated  by  the  directions  of 
the  glacial  striae  in  these  parts.  Angleso}-,  therefore,  was  not 
glaeiateil  by  ice-masses  coming  from  Snowdonia  ;  and  as  the  stria- 
tions  on  that  island  point  directly  towards  the  mountains  of  Cum- 
berland, the  author  inferred  that  these  markings  were  produced  by 
a  great  ice-flow  coming  from  that  region,  reinforced  probably  by 
ice-streams  from  the  north  of  Scotland,  and  which  were  large  and 
powerful  enough  to  prev'ent  the  glaciers  of  Llanberis  and  Nant- 
ffrancon  from  encroaching  on  the  te  ritory  of  Anglesey. 

The  author  described  the  rocVs  bordering  the  Straii:s  as  consistiag 
of  nearly  horizontal  Carboniferous  strata,  which,  from  appearances, 
must  once  have  filled  the  whole  of  the  region  now  occupied  by  the 
straits.  He  considered  that  the  softer  shaly,  sandy,  and  marly  beds, 
remains  of  some  of  wh'ch  are  still  to  be  seen  on  the  coast,  were 
swept  away  by  the  action  of  the  gr^^at  glacier  coming  from  the 
north-east,  forming  a  valley  now  occupied  by  the  sea;  and  in  sup- 
port of  this  view  he  cited  the  valley  of  !Malldraeth  Marsh,  running 
across  Anglesey,  parallel  to  that  of  the  Menai  Straits,  about  4  miles 
to  the  north-west,  Avhich  a  very  slight  change  in  conditions  would 
convert  into  a  fjord,  difi^ering  from  the  Straits  only  in  being  closed 
at  the  north-east  end. 

Feb.  2, 1876.— John  Evans,  Esq.,  E.R.S,,  President,  in  the  Chair. 
The  following  communications  were  read  : — 

1.  "Evidence  of  a  carnivorous  Reptile  (C//nor?rrtco)i  mrr/or,  Ow.) 
about  the  size  of  a  Lion,  with  remarks  thereon."  By  Prof.  Owen, 
C.B.,  F.ll.S.,  F.G.S.,  &c. 

2.  "  On  the  Occurrence  of  the  Genus  Aslrocrlnites  (Austin)  in  tho 
Scotch  Carboniferous  Limestone  Series,  with  the  Description  of  a 
New  Species  {A.'l  Beaniei),  and  Remarks  on  the  Genus."  By  R. 
Etheridge,  Esq.,  Jun.,  F.G.S. 

3.  "  On  the  Genus  Merycochoerus  (Family  Orcodontidoe),  with  de- 
scriptions of  two  new  species."     By  G.  T.  Bettany  Esq.,  B.A.,  B.Sc. 

February  23,  1876.— Professor  P.  Martin  Duncan       .B.,  F.R.S., 
President,  in  the  Chair. 
The  following  communications  were  read: — 
1.  "On  the  Greenstones  of  "Western  Cornwall."    By  John  Arthur 
Phillips,  Esq.,  F.G.S. ,  F.C.S. 

In  this  paper  the  author  brought  forward  evidence  to  show  that 
the  so-called  "  gre  enstones "  of  Penzance  really  belong  chiefly  to 
the  following  three  classes : — 
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a.  Gabbros  or  Dolcrites,  in  which  the  originally  constituent 
minerals  are  either  to  a  great  extent  unchanged,  or,  sometimes, 
almost  entirely  represented  by  i)seud()morphic  forms. 

h.  Killas,  or  ordinary  clay-slates. 

c.  Highly  basic  ho  nbleiidic  rocks,  exhibiting  a  tendency  to  break 
into  tb'n  plates  ;  these  vnder  the  microscope  present  the  appearance 
of  metamorphosed  slates. 

8huy  .ocks  of  a  char  .cter  intermediate  between  h  and  c  also  occur. 

In  the  Cape-Cornwall  district  the  "  greenstones "  are  chiefly 
hornblcndic  slates,  sometimes  with  veins  or  bands  of  garnet,  mag- 
netite, or  axinite.  The  rocks  near  the  Gurnard's  Head  are  almost 
identical  with  those  of  Mount's  Bay.  The  crystalline  pyroxenic 
rocks  and  metamorphic  slates  of  the  St. -Ives  district  exactly  re- 
semble those  of  Penzance.  The  greenstones  between  St.  Erth  and 
St.  Stephen's  are  probably  altered  ash-beds  or  hardened  hornblendic 
slates ;  unlike  the  hornblendic  and  augitic  rocks  of  the  other 
districts,  they  do  not  occur  in  the  immediate  vicinity  of  granite  ;  but 
elvan  cour&es  are  always  found  near  them.  The  percentage  of 
si  'ca  in  the  two  series  of  rocks  is  ijearly  constant :  the  hornblende 
sk.tes  contain  aboi  t  10  per  cent,  less  silica  than  the  ciystalline 
pyroxenic  rocks  :  and  there  is  an  excess  of  iron  oxides  to  nearly  the 
same  extent,  their  composition  in  other  respects  being  very  similar. 
The  Killas  is  an  acidic  rock  of  essentially  different  chemical  com- 
position. 

2.  "  On  Columnar,  Fissile,  and  Spheroidal  Structure."  Bv  the 
Bev.  T.  G.  Bouncy,  M.A.,  F.G.S. 

Some  of  the  above  structures  have  comparatively  recently  been 
discussed  by  Mr.  Mallet  and  Professor  J.  Thomson.  Both  these 
authors  agree  in  attributing  columnar  structure  to  contraction  due  to 
loss  of  heat  while  cooling,  but  differ  in  their  explaliation  of  cross 
jointing  and  spheroidal  structure.  In  fliis  paper  it  is  sought  to 
show  that  the  principle  proved  by  Mr.  Mallet  to  be  the  explanation 
of  the  columnar  structure  is  capable  of  a  wider  application.  After  a 
brief  notice  of  some  instances  of  columnar  striicture,  the  author 
descril  'd  cases  of  a  fissile  sti^ucture  seen  in  certain  igneous  rocks 
(especially  in  the  Auvergne  phon elites),  closely  resembling  true 
cleavage,  and  often  mistaken  for  it — also  the  tabnler  jointing  of 
rocks,  a  peculiar  form  of  this  where  most  of  the  segments  are  of  a 
flattened  convexo-concave  foim,  spheroidal  structure,  and  cup-and- 
ball  structure.  He  showed  by  exfimx^les  that  Prof.  Thomson's 
explanation  of  spheroidal  structure  was  inadequate,  and  gave  reasons 
for  considering  all  these  stiuctures  to  be  due  to  contraction.  He 
also  discussed  more  particularly  the  cup-and-ball  structure,  giving 
reasons  for  thinking  that  the  spheroidal  and  the  horizontal  fissures 
were  often  to  some  extent  independent  of  each  other. 

March  8,  1876.— Professor  P.  Martin  Duncan,  M.B.,  F.E.S.,  Presi- 
dent, in  the  Chair. 

The  following  communications  were  read  : — 

1.  "On  the  influerce  of  various  substances  in  accelerating  the 
precipitation  of  Clay  suspended  in  water."  By  Wm.  Eamsay,  Esq., 
Principal  Assistant  in  Glasgow  University  Laboratory. 
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The  author  referring  to  the  fact  that  day  when  Ruspeiuled  in 
water  in  excessively  minute  particles,  settles  more  rapidly  when  the 
water  contains  salts  in  solution,  noticed  the  opinions  ex[)ressed  by 
previous  writers  on  the  subject,  and  gave  the  results  of  experiments 
made  by  hira,  from  which  it  would  appear  that  the  rapidity  of  pre- 
cipitation is  proportionate  to  the  amount  of  heat  absorbed  by  the 
salts  in  process  of  solution.  J3y  another  series  of  experiments 
he  found  that  the  iluidity  of  the  respective  solutious  had  ap])arontly 
no  intluence  on  the  rapidity  of  deposition  of  the  clay.  He  also 
found  that  clay  is  deposited  less  quickly  in  acid  solutions  than  in 
solutions  of  salts,  and  more  rapidly  in  a  solution  of  caustic  soda 
than  in  one  of  caustic  potash.  In  solutions  of  conmion  salt  of 
different  strengths  ho  found  that  clay  settled  in  the  invei'se  order  of 
their  specific  gravities.  Prom  all  these  results  the  author  is  in- 
clined to  attribute  the  varying  rapidity  of  the  settling  of  clay  sus- 
pended in  saline  solutions  to  the  varying  absorption  of  heat  by  the 
solutions.  When  water  containing  suspended  clay  was  heated,  the 
rapidity  of  the  settling  of  the  clay  was  proportionate  to  the  heat  of 
the  water.  The  author  suggests  that  the  increased  rapidity  of  set- 
tlement may  be  due  to  the  greater  amplitude  of  vibration  of  the 
molecules  of  water  when  heated ;  the  vibrations  being  jierformed  in 
equal  times,  particles  descending  at  right  angles  to  the  plane  of 
vibration  will  experience  less  resistance  from  the  molecules  of  water. 

A  note  by  Prof,  llamsay,  briefly  indicating  some  of  the  geological 
bearings  of  these  results,  was  appended  to  the  paper. 

2.  "  On  some  Fossiliferous  Cambrian  Shales  near  Carnarvon." 
By  J.  E.  Marr,  Esq., 

The  shales  described  by  the  author  extend  from  about  three  miles 
S.W.  of  Carnarvon  to  Bangor,  running  nearly  parallel  to  the  l[enai 
Straits.  They  are  faulted  against  Lower  Cambrian  to  the  east,  and 
disappear  against  a  dyke  on  the  west.  The  shales  vary  from  greyish 
black  to  bluish  black  in  colour,  and  are  generally  sandy  and  mica- 
ceous, but  in  places  chiefly  clayey.  Fossils  were  obtained  from 
three  places  on  the  banks  of  the  Seiont^ — namely,  near  Point  Seiont 
(where  the  beds  are  concretionary  in  structure),  along  the  old  tram- 
way from  Carnarvon  to  Wanttle,  and  near  Peblig  Bridge.  The  first- 
named  locality  is  richest  in  fossils ;  and  here  there  is  a  greenstone 
dyke,  parallel  to  the  bedding  of  the  rock,  and  altering  the  shales  for 
a  distance  of  about  four  yards  from  the  edge  of  the  dyke.  The 
fossils  seem  to  indicate  that  the  deposit  belongs  to  the  upper  part  of 
the  Arenig  group. 

3.  "  On  the  occurrence  of  the  Rha^tic  Beds  near  Leicester."  By 
W.  J.  Harrison,  Esq.,  F.G.S.,  Curator  of  the  Town  Museum,  Leicester. 

The  sections  described  by  the  author  are  shown  in  brick-pits  in 
the  Spinney  Hills,  forming  the  eastern  boundary  of  the  town  of 
Leicester,  and  in  the  Crown  Hill  on  the  eastern  side  of  a  valley 
excavated  by  the  Willow  Brook.  In  the  latter  locality  they  are 
capped  by  Lower  Lias.  They  have  a  slight  dip  to  the  south-east. 
The  brick-pits  show  a  thickness  of  about  30  feet  of  llhajtic  beds 
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above  the  Triassic  red  marl,  to  which  their  stratification  is  parallel. 
The  lowest  bed  is  a  light-coloured  sandy  marl  about  17  feet  thick, 
traversed  by  three  or  four  courses  of  harder,  whiter  stone,  and  con- 
taining crystals  of  selenite,  pseudomorphs  of  salt,  and  numerous 
small  fish-scales.  A  single  insect-wing  was  obtained  from  it.  This 
bed  extends  across  the  valley  of  the  AVillow  ]3rook,  and  forms  tl  e 
base  of  Crown  Hill.  Above  it  comes  the  Bonc-bcd,  from  2  to  3 
inches  thick,  containing  numerous  small  teeth,  bones,  and  scales  of 
fishes  and  Saurians,  including  large  vertebrae  of  Ichfhi/osaurus,  ribs 
probably  of  Flesios((urus,  and  some  bones  of  Labyrinthodont  cha- 
racter. Two  species  of  A.vimis  also  occur.  The  Bone-bed  is  followed 
by  about  2g  feet  of  coarse  black  shales,  overlain  by  a  very  thin  band 
of  hard  reddish  sandstone,  with  easts  of  Axinus,  and  this  by  about 
2  feet  of  finely  laminated  black  shales  containing  Cardiuni  rJiceticum, 
Avicula  coiitorta,  and  a  Starfish  (Ophiolepis  Damesii).  Above  these 
come  about  5  feet  of  shales  with  sandy  partings,  the  lower  foot 
rather  dark  and  containing  Avicula  contorta,  Cardiinn  rhceticiim, 
Ostrea  liassica,  and  a  new  Pholidoj)l).oriis ;  the  remainder  light- 
coloured,  but  with  the  same  shells.  The  topmost  bed  in  the  section 
is  a  band  of  nodular  limestone  6  inches  thick.  The  same  sequence 
is  observed  in  Crown  Hill.  There  are  indications  of  the  existence 
of  a  second  nodular  limestone  and  of  beds  of  light-coloured  clay  and 
sand,  but  obscured  by  drift,  in  which,  however,  blocks  of  limestone 
occur  with  Monotis  decvssata  and  Anoplopltora  muscidoides.  The 
author  indicates  other  localities  where  traces  of  the  Ehaetic  beds  are 
to  be  seen,  and  states  that  wherever  the  true  junction  of  the  Trias 
and  Lias  is  exposed  the  Rhsetics  appear  to  be  invariably  present. 
The  paper  also  included  some  particulars  with  regard  to  borings  in 
the  Trias  near  Leicester. 

4.  "  HiEmatite  in  the  Silurians."     By  J.  D.  Kendall,  Esq.,  F.G.S. 

The  author  referred  to  a  former  paper,  in  which  he  showed  that  the 
direction  of  the  hasmatite  deposits  in  the  Carboniferous  Limestone  of 
Cumberland  and  Lancashire  is  parallel  to  that  of  the  meridional 
divisional  planes,  or  nearly  north  and  south ;  while  the  deposits  in 
the  Silurians  are  in  two  directions,  some  parallel  to  one  set  of 
divisional  planes  and  some  to  the  other.  In  the  present  paper  he 
describes  a  deposit  of  haematite  at  Water  Blean,  in  the  parish  of 
Millom  in  Cumberland,  in  Coniston  Limestone,  which  appears  to  be 
altogether  unlike  those  referred  to  in  his  former  paper.  The  .Silu- 
rians here  are  all  conformable,  with  a  strike  about  05°  N.E.  and 
S.W.  and  a  dip  of  about  80°  to  JST.W. ;  but  their  order  is  inverted. 
The  htematite  occurs  in  the  Coniston  Limestone  in  the  form  of  short 
veins,  varying  in  width  from  a  few  inches  to  9  feet,  running  in  the 
direction  of  the  strike,  and  having  the  same  dip  as  the  limestone, 
their  deposition  having  taken  place  along  the  bed-joints  of  the  rock. 
The  author  accounts  for  this  ditfcrence  in  the  deposits  by  the  fact 
that  in  the  Coniston  Limestone  at  AVater  Blean  the  bed-joints 
are  much  more  persistent  than  the  divisional  planes,  which  are 
very  irregular  and  not  at  all  so  stroiig  and  open  as  the  bed- 
joints. 


[  331  ] 

XL.  Intelligence  and  Miscellaneous  ArticJes. 

ON  THE  SPECTRA  OF  NITROGEN  AND  THE  ALKALI-METALS  IN 
GEISSLER  TUBES.      BY  G.  SALET. 

II /["  SCHUSTER  made  public,  in  1872,  the  important  fact  that  ni- 
-L'-l.  •  trogen,  heated  in  a  Greissler  tube  with  met'allic  sodium,  no 
longer  gives  its  characteristic  grooved  spectrum.  He  described  the 
bi'ight  lines  obtained  in  this  case,  and  attributed  them  to  pure  ni- 
trogen— the  band  spectrum  being,  in  his  opinion,  tliatot'an  oxide  of 
nitrogen,  a  compound  which  is  destroyed  by  the  allvali-metal. 
Later,  doubts  arose  conceriiing  the  validity  of  these  conclusions ; 
for,  on  the  experiments  being  repeated,  the  grooves  were  indeed 
seen  to  disappear  after  the  action  of  the  sodium,  but  they  were 
replaced  by  various  spectra,  of  which  not  one  really  belongs  to 
nitrogen,  so  that  after  purification  this  gas  could  no  longer  be 
detected  by  the  prismatic  analysis.  I  have  also  remarked  that  the 
chemical  compound  which  is  in  reality  formed  by  the  action  of 
oxygen  upon  nitrogen  is  the  peroxide,  a  very  stable  body  and  one 
the  spectrum  of  which  does  not  at  all  coincide  with  that  of  which 
we  have  to  account  for  the  appearance. 

My  present  purpose  is,  to  demonstrate  (1)  that  the  grooved 
spectrum  can  be  produced  with  nitrogen  heated  in  contact  with 
sodium,  (2)  that  the  disappearance  of  the  spectrum  of  nitrogen  is 
due  to  the  disappearance  of  the  nitrogen  itself,  it  being  entirely 
absorbed  by  the  sodivxm  under  the  influence  of  the  electric  effluvium, 
and  (3)  that  the  spectrum  described  by  M,  Schuster  is  very  pro- 
bably to  be  attributed  to  the  \apour  of  the  alkali-metal, 

].  An  account  of  the  sei-ies  of  experiments  which  have  led  me 
to  these  conclusions  would  be  too  long  to  give  here  ;  I  will  only 
cite  the  most  decisive.  I  had  a  tube  of  hard  glass  blown  by  M. 
Alvergniat,  stopped  at  both  ends,  12  centims.  in  length  and  2 
centims.  in  diameter.  Two  aluminium  electrodes  were  arranged 
at  one  end  of  the  tube,  separated  by  a  distance  of  about  a  centi- 
metre ;  to  the  other  extremity  a  tulnile  with  a  bulb  was  soldered. 
Into  the  bulb  a  little  piece  of  sodium  was  introduced ;  and  the 
tubule  was  then  cemented  to  the  mercury  air-pump.  A  vacuum 
having  been  produced,  the  sodium  was  heated  ;  it  swelled  and 
boiled  for  a  long  time,  losing  hydrogen  ;  it  then  ceased  to  boil,  and 
at  a  higher  temperature  slo^^•ly  a  Oiatili>:ed.  The  apparatus  was 
now  severed  from  the  air-pump  by  a  stroke  ^ith  a  pipe,  and  the 
shining  globule  of  liqi;id  sodium  was  conveyed  into  the  experiment- 
tube.  After  cooling,  the  bulk  was  separated,  and  the  tube  was 
cemented  directly  to  the  pump.  Exhaustion  was  then  recommenced, 
the  sodium  volatilized,  care  being  taken  that  the  condensation  of 
the  metallic  vapour  should  only  be  produced  in  that  half  of  the 
tube  which  carried  no  electrodes ;  and  nitrogen  was  admitted  pure 
and  dry.  I  again  exhausted,  to  the  amount  of  three  fourths  of 
the  nitj'ogen,  taking  care  each  time  to  volatilize  the  alkali-metal, 
and  finaily  closed  the  apparatus,  leaving  in  it  a  pressure  of  about 
5  millims.      I  could  then  melt  the  globules,  cause  them  to  unite, 
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and  volatilize  them  again  a  do/en  times  in  contact  witli  the  same 
mass  ot"  gas,  without  the  appearance  of  the  spark  which  exploded 
between  the  electrodes  being  modified  in  the  slightest  degree.  I 
made  use  of  the  Holtz  machine,  or  an  induction-coil  with  the  addi- 
tion of  a  Leyden  jar:  the  space  between  the  poles  was  rosy  violet, 
and  gave  the  grooved  spectrum  \nth  the  utmost  purity.  AVhen 
the  disruptive  spark  of  the  Holtz  machine  is  employed,  the  jet  of 
rosy-violet  llame,  which  gives  the  grooved  spectrum,  is  instan- 
taneous ;  we  can  assure  ourselves  of  this  by  a  Aery  simple  method: 
the  luminous  jet  is  A-iewed  through  the  glass  wheel  of  the  machine, 
on  which  little  black  points  are  traced  with  ink.  Now  these  points 
appeared  perfectly  distinct,  even  when  the  handle  made  sixty  turns 
in  a  minute  ;  we  can  hence  infer  that  the  discharge  does  not  last  a 
thirtij-thousawUh  of  a  second. 

2.  By  volatilization  the  sodium  can  be  readily  brought  into  the 
vicinity  of  the  electrodes.  Jt  presents  itself  then,  as  always,  under 
the  aspect  of  very  pure  sihery  white  shining  globules  ;  but  if  the 
tube  be  brought  into  play,  the  portions  submitted  to  the  action  of 
the  jet  of  flame  tarnish  immediately  :  the  metallic  appearance 
completely  disappears  ;  and  the  surface  of  the  sodium  becomes 
brownish  black.  At  the  same  time  are  seen  the  changes  in  the 
appearance  of  the  electric  jet  induced  by  greater  rarefaction.  If 
we  renew  the  surface  of  the  sodium,  the  action  continues  and  the 
nitrogen-spectrum  entirely  disappears ;  the  light  is  yellovdsh,  and 
due  for  the  most  part  to  the  sodium.  I  say, /o/-  the  most  jtwt ;  for, 
in  these  conditions  of  an  almost  absolute  vacuum  some  traces  of 
foreign  lines  are  always  pei-ceived  in  the  spectrum,  attributable  to 
impurities  of  the  electrodes  and  of  the  inner  surface  of  the  glass. 
In  this  case  the  tube,  being  cold,  does  not  permit  the  spark  of  the 
Leyden  jar  to  pass. 

i  have  made  a  direct  experiment  to  manifest  this  absorption  of 
nitrogen  by  sodium  under  the  influence  of  electricity.  I  had  a 
tube  constructed  like  the  preceding,  but  carrying  a  truncated 
barometer ;  and  I  introduced  into  it  nitrogen  at  the  pressure  of 
27  millims.  The  absorption  of  the  gas  was  sufficiently  sensible  for 
the  eye  to  be  able  to  follow  the  rise  of  the  column  of  mercury. 
After  some  minutes,  the  sodium-surface  having  been  renewed 
twice,  no  difference  could  be  perceived  between  the  leAels  of  the 
mercury  in  the  two  branches  of  the  manometer. 

I  have  moreover  endeavoured  to  trace  the  chemical  characters 
of  this  absorption :  I  broke  a  tube  and  separately  treated  with 
water  a  portion  of  the  sodium  which  remained  bright  and  a  portion 
altered  by  electricity.  Into  both  solutions  I  poured  some  of 
Nessler's  reagent  (iodargyrate  of  potassium  with  an  excess  of  soda). 
One  of  the  liquors  became  very  yellow ;  it  was  that  into  which  the 
altered  sodium  had  been  thrown.  The  other  did  not  change  its 
appearance  ;  there  had  therefore  been  formed  under  the  influence 
of  the  electricity  some  nitride  of  sodium,  decompo.-able  by  water 
with  production  of  ammonia.  This  body  is  only  generated  at  a 
higher  temperature  than  a  red-heat,  like  the  nitride  of  magnesium, 
or  is  even  not  directly  produced  at  any  degree  of  heat,  like  am- 
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monia.     T  intend  to  prepare  and  analyze  it  t'urtlier. —  Comptes  li^'n- 
dus  de  V Academic  dea  iScicnces,  vol.  Ixxxii.  pp.  223-220. 

The  lines  described  by  M.  Schuster*  have  not  been  found  again 
by  MM.  Stearn  and  Wiillner,  who,  after  verifying  the  disappear- 
ance of  tlie  band  spectrum,  saw  the  well-known  spectrum  app  ar 
of  the  oxide  of  carbon  or  acetylene.  Schuster's  tubes  more  care- 
fully prepared  gave  me,  after  a  certain  time,  the  bright  lines  of 
hydrogen  only.  What,  then,  was  the  origin  of  the  lines  described 
in  the  memoir  of  1872  ?  It  is  permissible  to  attribute  them  to  the 
vapour  of  sodium. 

In  fact,  we  remark  that  the  published  numbers  were  not  got  by 
direct  measurement,  but  refer  to  the  nitrogen  lines  of  Fliicker's 
spectrum  which  appear  to  coincide  with  the  lines  observed ;  and 
these,  moreover,  are  not  the  most  characteristic.  Now,  if  sodium 
be  heated  in  a  Geissler  tube,  or  in  an  apparatus  like  that  described 
in  §1,  and  the  spark  be  made  to  pass,  a  bright  greenish  yellow  light 
is  produced,  the  spectrum  of  which  is  composed  of  the  followiug 
lines  :  Sj^cctnon  of  sodium, 

615'5  double    515'3 

589-2      „       (D)    498-3 

568-7     „        467 

These  numbers  are  very  near  those  of  M.  Schuster ;  only  the 
line  498-3  does  not  figure  in  his  Plate,  it  is  replaced  by  489-4. 
Conversely,  we  find  in  that  Plate  three  extreme  lines — 628-8, 
421-4,  and  418-4,  which  I  have  not  been  able  to  produce,  nor  are 
they  indicated  by  MM.  Thalen  aiid  Lecoq  de  Boisbaudran.  A 
curious  thing,  these  lines  nearly  coincide  ^^-ith  the  characteristic 
Hues  of  rubidium  (629-6,  421-6,  and  42U-2).  I  would  not  by  any 
means  say  that  this  metal  was  present  in  M.  Schuster's  sodium, 
especially  with  the  uncertainty  of  the  wave-lengths ;  but  in  any 
case  it  must  very  readily  give  a  spectrum  in  a  Geissler  tube  ;  for 
potassium  offers  much  better  facilities  for  this  kind  of  experiments 
than  sodium.  It  furnishes,  without  difficulty,  a  very  pure  spectrum, 
of  which  the  principal  lines  are  the  following : — 
Spectrum  of  potassium. 
583                535-3  511  404-4 

580                533-5  509 

578-3  532 
It  must  be  possible,  employing  the  same  method,  but  under 
slightly  different  conditions  of  experiment,  to  produce  not  only  the 
secondary  spectra  of  the  alkali-metals,  as  we  have  done  in  the 
present  researches,  but  also  their  primary  spectra,  for  the  inter- 
esting discovery  of  which  we  are  indebted  to  Messrs.  Eoscoe  and 
Schuster. — Comptes  Rcndus  de  V Academic  des  Sciences,  vol.  Ixxxii. 
pp.  274,  275.  

ON  CERTAIN  REMARKABLE  POINTS  IN  MAGNETS.     BY  R.  BLONDLOT. 
If  a  very  short  magnetic  needle,  the  centre  of  gravity  of  which 
is  supported,  be  brought  near  the  s-urfaceof  a  magnet,  the  direction 
•  Pogg.  Anti.  vol.  cxlvii.  p.  106. 
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ol  the  ueedlo  is  seen  to  vary  at  the  same  time  as  the  coordinates  of 
its  centre  ot"  rotation.  Among  these  directions  there  are  some  re- 
markable ones  to  which  we  would  call  attention — namely,  those 
normal  to  the  surface  of  the  magnet.  Tor  the  sake  of  brevity,  we 
will  give  to  the  points  to  which  they  correspond  the  name  of  ortho- 
(jonal  points. 

To  take  an  example,  let  us  consider  a  magnetized  bar  having  the 
form  of  a  rectangular  parallelepiped ;  on  each  half  of  the  bar  we 
shall  liud  live  orthogonal  points  : — one  on  the  terminal  face,  at  the 
point  whei*e  the  magnetic  axis  meets  it ;  and  one  on  each  of  the 
four  lateral  faces,  situated  on  the  right  line  joiuiug  the  centres  of 
the  short  sides  of  this  face,  the  last  four  points  being  symmetrical, 
two  and  two. 

Around  each  of  the  points  we  are  considering,  the  directions  are 
such  that,  reckoning  from  the  surface  of  the  magnet  inwards,  they 
are  always  convergent  in  any  plane  drawn  through  the  normal. 

A  first  property  of  orthogonal  points  is  the  following : — 

If  a  small  magnetic  body  be  placed  on  an  orthogonal  pointy  more  me- 
chanical ivorJc  will  be  requisite,  in  order  to  remove  the  small  body  thence 
to  infinity,  than  if  it  had  been  placed  on  any  other  neighbouring  point 
of  the  surface  of  the  magnet.  In  other  terms,  the  orthogonal  point 
presents  a  maximum  of  the  work  above-mentioned. 

The  demonstration  of  this  theorem  is  very  simple. 

With  respect  to  terrestrial  magnetism,  the  orthogonal  points  of  the 
surface  of  the  earth  are  what  are  somewhat  improperly  called  the  mag- 
netic poles.  Halley  and  Hansteen  believed  in  the  existence  of  four 
of  these  poles  ;  Gauss  and  Duperrey  admit  only  two,  or,  more  pre- 
cisely, two  polar  regions.  Parry,  John  Eoss,  James  Eoss,  Dumont 
d'Ur'ville,  and  Wilke  were  able  to  determine  approximately  their 
positions. 

On  a  given  line,  also,  points  possessing  the  same  property  of 
maximum  of  work  of  removal  to  infinity  are  found  ;  they  are  those 
for  which  the  magnetic  action  is  normal  to  the  curve. 

We  will  remark  that  all  these  maxima  presented  by  orthogonal 
points  might  be  replaced  by  miHima  for  surfaces  presenting  suitable 
ratios  of  curvature  with  the  surfaces  of  equal  potential.  A  simple 
change  of  sign  of  the  work  of  sliding  conducts  immediately  to  this 
result. 

A  second  curious  property  is  the  follo\mig : — ■ 

Thepjositions  of  spjontaneous  eqiiilibrinm  of  a  small  magnetic  body 
ivitJi  respect  to  a  mcignet  are  precisely  the  orthogoncd  points.  This  pro- 
position flows  immediately  from  the  fact  that  the  positions  of  equi- 
librium of  a  point  situated  on  a  polished  surface  are  those  for  which 
the  forces  acting  on  the  point  produce  no  tangential  component. 

This  is  confirmed  by  the  following  experiment :— A  particle  of 
iron  is  fixed  on  a  flat  cork,  which  is  then  put  to  float  upon  water. 
If  a  magnet  be  brought  quite  close  to  the  surface  of  the  water,  with 
its  lower  face  horizontal,  the  cork  will  be  seen  to  move  until  the 
iron  particle  \^hich  it  carries  is  placed  precisely  under  the  orthogo- 
nal point.  If  the  magnet  be  placed  m  any  manner  whatever  in 
space,  the  final  situation  of  the  iron  will  indicate  the  point  of  con- 
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tiu't  of  the  surface  of  equal  potential  which  touches  the  surface  of 
the  water. —  Comida  liendus  de  T AciuUmie  des  Sciences,  vol.  Ixxxii. 
pp.  454,  455. 

ON  THE  METALLIC  REDUCTIONS  PRODUCED  IN  CAPILLARY  SPACES. 
BY  M.  BECQUEREL. 
AVhen  a  cracked  tube  containing  a  concentrated  metallic  solution 
(of  nitrate  of  copper  or  cliloride  of  cobalt  for  example)  is  dipped 
into  a  solution  of  monosul])hide  of  sodium,  if  the  crack  is  not  suf- 
ficiently luirrow,  diffusion  is  produced,  giving  rise  to  the  production 
of  metallic  sul])bide  in  the  solution  of  copper  or  cobalt;  this  sulphide 
forms  a  coat  adhering  pretty  strongly  to  the  glass  ;  and  then  by 
degrees  a  deposit  of  bright  metal  is  seen  to  form  in  the  molecular 
space  between  the  coat  of  sulphide  and  the  glass,  on  the  side  of  the 
metallic  solution. 

Similar  eft'ec  s  are  produced  by  appl^dng  to  the  crack,  outside  the 
tube,  a  strip  of  paper  covered  with  a  layer  of  freshly  precipitated 
sulphide,  fixing  it  to  the  surface  by  means  of  a  wii'e  wound  round 
it.  Cobalt,  copper,  platinum,  &c.  have  thus  been  obtained  in  the 
metallic  state ;  the  first  was  attracted  by  the  magnet. 

Effects  like  these  might  indeed  take  place  in  organic  nature  iu 
the  case  of  rupture  of  tissues  or  vessels.  Suppose,  for  example, 
that  a  vessel  which  traverses  a  muscle  is  ruptured  at  any  point ; 
blood  is  immediately  diffused  into  the  muscle  ;  and  a  coagulum  is 
foi*med,  which  is  in  contact  on  one  side  with  the  blood,  on  the  other 
side  with  the  liquid  that  moistens  the  muscle.  An  electrocapillary 
action  will  then  take  place  resembling  the  foregoing,  giving  rise  to  a 
reducing  or  oxidiziug  action,  ac.ordiiig  to  the  nature  of  the  liquid 
with  Mhich  the  blood  is  in  contact  -uhen  it  coagulates.  The  pro- 
ducts then  formed  may  cooperate  in  closing  the  aperture.  I  merely 
indicate  the  forces  which  come  into  play,  in  the  impossibility  of 
knowing  what  products  are  formed. 

Doubtless  similar  effects  are  produced  in  wounds  covered  with  a 
plaster  coated  with  a  substance  of  a  healing  nature. 

The  communication  finishes  with  a  recital  of  the  chemical  reactions 
produced  in  capillary  spaces  with  the  cooperation  of  a  voltaic  cou- 
ple of  two  liquids,  adjunct  but  forming  part  of  the  apparatus.  The 
couple  is  formed  of  a  cracked  tube  containing  a  solution  of  mono- 
sulphide  of  sodium,  in  w  hich  is  immersed  a  slip  of  platinum  ;  and 
it  is  introduced  into  a  test-tube  containing  a  metallic  solution. 
Thus  arranged,  the  two-liquid  couple  operates  in  consequence  of 
the  reaction  of  the  two  liquids  in  the  fissure  ;  two  currents  result, 
travelling  in  the  same  direction — one  the  current  in  question,  the 
other  the  electrocapillary  current  described  in  my  previous  memoirs. 
On  the  other  hand,  the  platinum  wire  wound  rourd  the  tube  touch- 
ing the  crack  being  the  negative  electrode  at  which  tlie  reduction  is 
effected,  it  fo]lo\^  s  that  the  two  actions  are  added  together,  as  can 
readily  be  explained  ;  and  thus  the  amount  of  reduction  is  doubled. 
It  is  to  be  remarked  that  electrocapillary  apparatus  formed  of 
cracked  tubes  actonly  so  far  as  the  two  liquids,  penetrating  the 
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crack,  come  into  contact,  M-hich  does  not  take  place  when  the  ghiss 
is  too  thick.  The  Note  contains  some  details  on  the  operation  of 
this  niLxed  electrocapinary  apparatus,  with  a  constant  current, 
without  the  intervention  o£  an  oxidable  metal  as  in  the  couples  of 
voltaic  piles — Coniptcs  Rmdusde  VAcademie  des  Sciences,  \o\.  Ixxxii. 
pp.  35-1-356.  

ON  THE  CHEMICAL  ACTIONS  PRODUCED  BY  THE  DISCHARGES 
FROM  AN  INDUCTION-APPARATUS.      BY  M.  BECQUEREL. 

The  memoir  commences  by  recalling  the  experiments  of  AVollas- 
ton  on  the  decomposition  of  water  by  the  electricity  from  the  ordi- 
nary electrical  machine,  as  well  as  those  made  by  Faraday  for  the 
purpose  of  rendering  sensible  the  decomposition  <;>f  salts,  when  he 
sought  solely  to  make  e\ideut  the  presence  of  acids  and  bases  by 
aid  of  test-papers. 

With  a  EuhmkorS  induction-apparatus,  which  gives  a  much 
more  rapid  succession  of  sparks  than  the  ordinary  electrical  machine, 
more  marked  effects  are  obtained.  The  arrangement  I  have  adopted 
to  exhibit  them  is  the  following  : — Taking  a  plate  of  gutta  percha 
on  which  was  placed  a  small  sUp  of  platinum  in  communication 
with  the  positive  pole  of  the  apparatus  by  means  of  a  metallic  stem, 
I  applied  to  this  slip  of  platinum  a  strip  of  paper  moistened  with  a 
metallic  solution  (copper  or  silver),  and  then  to  the  paper  the  point 
of  a  platinum  wire  connected  with  the  negative  pole.  It  was  not 
long  before  the  metal  was  seen  depositing  around  the  point  in  ad- 
herent layers.  On  a  slip  of  platinum  being  placed  between  the 
paper  and  the  point  of  this  metal,  it  likewise  became  coated  T\ith  a 
thhi  layer  of  metal.  Submitting  to  experiment  successively  various 
solutions,  the  apparatus  operating  with  only  two  chromic-acid 
couples,  and  sometimes  with  four,  I  thus  obtained  the  reduction  of 
copper,  nickel,  cobalt,  iron,  lead,  bismuth,  antimony,  zinc,  cadmium, 
silver,  gold,  and  platinum. 

I  likewise  applied  myself  to  the  formation  of  amalgams  by  aid 
of  the  same  apparatus,  follo\\ing  the  method  which  Davy  employed, 
with  the  pile,  to  obtain  the  amalgams  of  potassium,  sodium,  and 
other  metals.  On  a  slip  of  platinum  which  was  brought  into 
contact  with  the  positive  pole  of  the  apparatus  I  placed  a  piece  of 
caustic  potass  slightly  moistened,  and  introduced  into  a  small  cavity 
in  its  surface  a  drop  of  mercury  in  contact  with  the  point  of  a  pla- 
tinum wire  or  the  negative  pole  of  the  induction-apparatus  ;  after 
a  few  moments  the  globule  changed  into  a  pasty  amalgam  in  which 
I  perceived  some  crystals  of  this  compound. 

The  copper-amalgam  was  obtained  by  operating  with  a  mixture 
of  a  solution  of  nitrate  of  copper  and  nitrate  of  mercury  with  which 
the  band  of  paper  applied  on  the  platinum  slip  was  moistened ;  in 
the  same  way  were  produced  the  amalgams  of  aluminium,  magne- 
sium, and  other  metals.  I  conceive  that  the  discharges  of  an  in- 
duction-apparatus, when  proceeding  from  electricity  of  high  tension 
and  taking  place  in  rapid  succession,  are  capable  of  producing  pow- 
erful chemical  effects. — Comptes  Rendus  de  VAcademie  des  iSciences, 
vol.  Ixxxii.  pp.  353,  354. 
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XLI.   On  a  Method  of  Measuring  very  small  Intervals  of  Time. 
By  Mr.  Robert  Sabine*. 

THE  method  I  am  going  to  describe  of  determining  any 
very  small  interval  of  time  which  elapses  between  two 
successive  mechanical  actions,  I  believe  to  be  trustworthy  Avhen 
proper  precautions  are  used.  It  is  based  upon  the  fact  that  a 
charged  Leyden  jar  or  other  form  of  accumulator  f  can  only 
be  discharged  at  a  certain  definite  rate  through  a  given 
circuit. 

It  is  common  knowledge  that  if  a  telegraph  cable  or  accu- 
mulator have  an  electrostatic  capacity  of  /'  farads,  and  the 
resistance  to  leakage  or  discharge  between  its  two  sides  be  R 
ohms,  the  time  {t  seconds)  required  for  any  initial  charge  of 
the  potential  P  to  diminish  to  a  remainder  at  the  potential  ^) 
will  be 

P 

f  =/R  log^  —  seconds, 

assuming  that  all  the  electricity  which  we  have  to  deal  with 
resides  upon  the  coatings  and  that  it  is  free  to  be  discharged. 
This  proportion,  otherwise  expressed,  is  commonly  used  for 
finding  the  insulation  resistances  of  submarine  cables  when 
their  capacities  are  known  and  the  initial  charge  is  allowed  to 
leak  or  dischaige  through  the  dielectric  alone  during  a  given 
numl)er  of  minutes. 

In  employing  this  method  for  the  measurement  of  time,  it  is 

Communicated  by  the  Author. 
t  Coipmonlv  called  a  "  condenser." 
Phil  May.  S.  5.  Vol.  1.'  No.  5.  May  1876.  2  A 
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necessary  to  know  exactly  the  value  of  the  resistance ;  and  as 
this  could  not  be  depended  upon  if  the  discharge  took  place 
through  the  dielectric,  a  known  wire  resistance,  r,  has  to  be 
inserted  between  the  two  sides  of  the  accumulator,  so  that  the 
time  during  which  the  potential  P  of  the  charge  falls  to  p  is 

1) 
t  = _i_  seconds. 

rR 

The  internal  or  insulation  resistance  R  of  the  accumulator 
being  made  so  great  in  comparison  with  r  that  it  may  practi- 
cally be  regarded  as  infinite  *,  the  time  is  then  expressed  by 

P 

t=^fr\oQ,  —  seconds. 

Assuming  that  the  excursion  of  the  light-point  of  a  mirror- 
galvanometer  is  proportional  to  the  quantity  of  electricity  sud- 
denly discharged  through  its  coil,  if  the  excursions  are  respec- 
tively C  and  c,  the  time  is 

C 
tTsfrlog^ —  seconds. 

The  only  values  therefore  required  to  be  known  are  the  capa- 
city (/)  of  the  accumulator,  and  the  resistance  (?*)  of  the  dis- 
charging wire.  The  measurement  is  independent  of  the  con- 
stant of  sensibility  of  the  galvanometer  and  of  the  electromo- 
tive force  of  the  battery,  neither  of  which,  however,  must  vary 
during  an  observation. 

I  have  employed  this  system  to  determine  the  intervals  of 
time  which  elapse 

(1)  Between  the  successive  interruptions  of  two  circuits, 
and 

(2)  Between  making  and  breaking  a  single  circuit. 

The  interval  of  time  to  be  measured  is,  of  course,  always  that 
during  which  the  accumulator  is  allowed  to  partially  empty 
itself  through  the  discharging  resistance. 

When  the  time  to  be  measured  is  that  which  elapses  between 
the  successive  interruptions  of  t^vo  circuits,  the  apparatus  is 
arranged  in  principle  as  is  shown  in  tig.  1.     The  two  circuits 

*  With  a  mica  accumulator  of  ^  microfarad  capm;ity,  the  discharging 
resistance,  r,  necessary  for  determining  intervals  of  time  between  ^^  ^  and 
-1-  of  a  second  is  under  1  megohm.  The  internal  resistance  of  such  an  ac- 
cumulator is  considerably  over  200,000  megohms,  so  that  practically  it 
may  be  assumed  to  be  in  all  cases  infinite  in  comparison  with  r. 
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which  have  to  he  hroken  are  a 
and  h, — first  a,  then  h.  In  the 
figure,  a  and  b  are  supposed  to 
represent,  ])y  way  of  ilhistration , 
two  thin  wires  stretched  at  dif- 
ferent distances  fromthe  muzzle, 
B,  of  a  gun  in  such  a  way  that 
the  shot  passes  through  them 
in  the  direction  of  the  arrows. 
The  battery  E  has  so  httle  re- 
sistance* in  comparison  with 
that  of  the  discharging  wire  r, 
that  the  potential  of  the  accu- 
mulator, A,  remains  practically 
unaltered  when  ?■  is  made  infi- 
nite. 

A  key  of  peculiar  construc- 
tion is  convenient  for  observing 
the  initial  charge.  It  consists 
of  a  lever  (K)  turning  on  pivots 
at  4.  When  in  its  position  of  rest  (as  shown  in  the  figure) 
the  rigid  contact,  1,  at  the  top  in  front,  and  the  spring  contact, 
2,  underneath  at  the  back,  are  both  in  connexion  with  the  lever. 
When  the  knob  is  depressed  the  rigid  contact  1  is  first  inter- 
rupted; an  instant  afterwards  the  spring  contact,  2,  is  inter- 
rupted; and  lastly  the  front  contact,  3,  is  made.  This  arrange- 
ment ensures  the  removal  of  the  discharging  resistance  r,  before 
the  interruption  of  the  battery,  by  the  key. 

Depressing  for  a  moment  the  knob  of  the  key,  the  resistance 
and  battery  are  therefore  successively  interrupted,  and  the  in- 
stantaneous discharge  from  the  accumulator  is  read  off  by  the 
excursion  of  the  galvanometer-needle  at  G.  This  gives  the 
value  C. 

Letting  the  key  resume  its  position  of  rest  and  recharge  the 
accumulator,  the  wires  a  and  b  are  in  turn  interrupted  by  firing 
a  shot  through  them.  The  interruption  of  a  puts  the  bat- 
tery out  of  action  ;  and  the  charge  which  is  in  the  accumulator 
at  the  moment  commences  to  flow  out  through  the  dischargino; 
wire  r.  This  flow  is  stopped  as  soon  as  the  shot  reaches  and 
breaks  b.  The  observer,  as  soon  as  he  hears  the  report,  de- 
presses the  key  and  reads  the"  excursion  (c)  of  the  needle  due 
to  the  remainder  of  the  charge. 

The  accuracy  of  this  method  depends  upon  the  conditions 
(1)  that  the  difference  of  potential  between  the  two  sides  of 
the  accumulator  is  not  altered  practically  by  its  poles  being 
*  A  single  cc-U  of  Darnell's  battery  of  large  surface  is  sufficient. 
2  A2 
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joined  by  the  discharging  wire,  and  (2)  that  the  time  which 
elapses  between  the  interruption  of  the  circuit  h  and  the  press- 
ing down  of  tlie  key  is  not  sufficient  to  allow  of  any  loss 
through  the  dielectric.  Further  on  I  will  show  how  nearly 
these  conditions  may  be  secured. 

It  is,  of  course,  necessary  to  have  every  part  of  the  apparatus 
as  well  insulated  as  possible  ;  and  it  is  desirable  that  the  dis- 
charging resistance  and  a  shunt  across  the  galvanometer  should 
be  so  adjusted  that  all  excursions  have  about  the  same  value. 
The  following  are  a  series  of  observations  made  by  firing  a 
bullet  from  a  small  breech-loading  pocket-pistol  through  two 
wires  set  up  (as  in  fig.  1)  from  one  to  four  feet  apart,  the 
muzzle  being  close  to  the  first  wire.  The  accumulator  was  insu- 
lated with  mica  and  shellac  ;  its  capacity  was  ^  microfarad 
(/=0'333  X  10~^  farad)  ;  its  leakage  in  fifteen  minutes  was 
only  1  per  cent.,  and  therefore  its  insulation  resistance  about 
250,000  megohms.  The  discharging  wire  had  a  resistance  of 
100,000  ohms.     The  constant  {fr)  was  therefore  =0-0333. 


Time  of  flight, 

Calculated 
velocity  of 

Experi- 

Eange, 

Excursion  of  light. 

calculated 

(Mog,£), 

ment. 

d. 

shot, 
d 

C. 

c. 

;■. 

t' 

feet. 

tlivisions. 

divisions. 

second. 

feet  per  sec. 

1. 

1 

300 

280 

00023 

436 

2. 

1 

300 

281 

00022 

457 

3. 

1 

300 

280 

00023 

436 

4. 

2 

300 

251 

0  0059 

340 

5. 

2 

300 

256 

00053 

379 

6. 

2 

300 

260 

00048 

422 

7. 

2 

300 

259 

0-0049 

408 

8. 

3 

299 

240 

0  0073 

408 

9. 

3 

299 

245 

00067 

450 

10. 

3 

299 

250 

00061 

496 

11. 

3 

299 

256 

00052 

576 

12. 

3 

299 

246 

00065 

460 

13. 

4 

299 

230 

0-0087 

458 

14. 

4 

299 

229 

00089 

451 

15. 

4 

299 

225 

00095 

422 

16. 

4 

299 

231 

00086 

467 

A  glance  at  these  results  shows  that  the  separate  obseiwa- 
tions  were  not  more  different  from  the  mean  value  than  could 
be  well  accounted  for  by  the  inequality  of  the  charges  of  pow- 
der in  the  cartridges. 

When  the  time  to  be  determined  is  that  which  elapses  be- 
tween making  and  breaking  a  circuit,  I  have  found  that  the 
apparatus  may  conveniently  be  arranged  in  principle  as  is 
shown  in  the  sketch,  fig.  2. 

The  poles  of  the  battery  are  not  required  to  be  connected  by 
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>' 


the  discharging  resistance  r  while  charging  the  accumulator  ; 
and  therefore  a  very  nmch  lower  value  of  r  may  be  employed 
than  in  using  the  preceding  method,  without  fear  of  error.  By 
way  of  illustration,  13  is  a  pj^-  2, 

block    of    metal    or     anvil  ^ f ^ 

against  which  the  contact,  a, 
is  pressed  in  order  to  charge 
the  accumulator.  A,  by  the 
battery  E.  The  light  'ham- 
mer, b  (weighing  about  1 
ounce),  is  then  suddenly 
struck  against  B  and  allowed 
immediately  to  rebound  oit' 
again.  During  the  interval 
which  elapses  between  the 
contact  by  b  and  its  inter- 
ruption, or  what  may  be 
termed  the  electrical  dura- 
tion of  the  blow,  the  accumulator  leaks  through  r  ;  and  the 
remainder  is  measured  on  the  galvanometer  (G)  by  depressing 
the  key  (K)  as  before.  The  same  accumulator  was  used  in 
these  experiments  as  in  the  previous  ones. 


L-J-^ 


Excursion  of 

light-point. 

Duration  of  flow, 
calculated 

r. 

(Mog,  2), 

Initial  charge, 

Eemainder, 

C. 

c. 

t. 

ohms. 

second. 

308 

265 

1000 

0-000050 

308 

264 

1000 

0000051 

308 

269 

1000 

0000045 

308 

265 

1000 

0000050 

307 

261 

1000 

0000054 

306 

260 

1000 

0000054 

306 

262 

1000 

0-000052 

307 

267 

1000 

0000047 

Moan    . . . 

0000050 

It  now  remains  to  be  shown  : — 

1.  That  the  results  obtained  by  this  method  agree  amongst 
themselves,  and 

2.  That  the  intervals  of  time  calculated  by  the  formula  agree 
with  the  observed  time. 

The  observations  made  with  the  hammer  and  anvil  (fig.  2) 
were  sufficiently  uniform  to  suggest  that,  by  discharging  the 
accumulator  gradually  by  a  series  of  blows  of  as  nearly  equal 
force  as  possible,  the  time  of  each  blow  might  be  regarded  as 
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an  equal  instalment  of  the  M'hole  time  during  which  the  dis- 
charge through  the  resistance-wire  took  place. 

The  following  series  of  observations,  with  their  calculated 
results,  amply  proves  that  this  view  was  correct : — 


j 

Excursion  of  the  light- 

CfllCllltl^'^'^     flTlTA 

Number  of  | 

point. 

Resistance 

nlnws  nriT*pn ' 

of  dischar- 

tJkKJ »  O  K 1  *  t^l  1   - 

by  hammer,! 

ging  wire, 

of  dis- 

of each  blow. 

71. 

C. 

c. 

r. 

charge, 

;" 

t. 

71 

1 

ohms. 

second. 

second. 

10         1 

311 

109 

1500 

0-000524 

0-000052 

9         1 

311 

121 

1500 

0000471 

0000052 

8        i 

311 

139 

1500 

0-000402 

0-000050 

7        I 

311 

105 

1000 

0-000362 

000(;(t52 

fi        i 

311 

120 

1000 

0-000317 

0000053 

5         1 

310 

1.38 

1000 

0-000269 

0000054 

4 

310 

128 

700 

0000206 

0-000051 

3 

310 

125 

500 

0000151 

0000050 

2 

309 

118 

300 

0-000096 

0  000048 

1       ! 

309 

145 

200 

0000050 

0-000050 

i 

Mean    . . . 

0-000051 

In  1872  I  commenced  a  series  of  experiments  with  the  \aew 
of  comparing  the  results  calculated  by  this  method  with  the 
time  given  by  some  form  of  chronoscope.  The  difficulty  I 
met  with,  however,  was  to  find  a  chronoscope  of  sufficient  sen- 
sibility to  give  a  contact  or  series  of  contacts  of  known  dura- 
tion. For  this  purpose  the  late  Sir  C.  Wheatstone,  with  the 
generous  aid  he  always  gave  to  any  physical  inquiry,  placed 
in  my  hands  an  apparatus  which  had  been  very  ingeniously 
designed  and  constructed  for  him  some  years  before  by  Mr. 
Stroh  for  a  different  purpose ;  and-^dth  this  apparatus,  furnished 
with  suitable  electric  contacts,  I  made  several  attempts  to  check 
the  correctness  of  the  formula  *. 

This  apparatus  consisted  of  a  disk  of  metal  with  a  heavy 
rim,  set  in  rotation  by  the  force  of  a  spring  which  was  arrested 
by  striking  against  an  anvil,  whilst  a  pointer  turning  with  the 
disk  struck  a  blow  against  the  end  of  a  small  lever  at  some 
point  of  the  revolution  determined  by  its  position.  The  dura- 
tion of  the  contact  was  arranged  to  last  from  the  instant  when 
the  impelling  spring  struck  the  anvil  until  the  pointer  on  the 
disk  struck  the  lever ;  and  as  it  was  assumed  (and  found)  that 
the  velocity  at  any  point  of  a  single  revolution  was  practically 
uniform,  the  placing  of  the  pointer  enabled  an  interval  of  very 
small  duration  to  be  ensured.  The  results  which  I  obtained, 
however,  with  this  apparatus,  although   highly  interesting, 

*  I  was  much  indebted  to  the  industrious  aid  which  Mr.  J.  Rymer 
Jones  rendered  me  in  these  observations. 
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were  not  concordant,  there  appearing  to  be  a  variable  and 
rather  considerable  interval  between  the  closing  of  the  contact 
and  the  motion  of  any  electricity  in  the  circuit.  This  beha- 
viour, which  had  induced  Sir  C.  Wheatstone  to  lay  the  ap]ia- 
ratus  aside,  induced  nie  to  regard  it  also  as  not  sufficiently 
exact  for  the  purpose  for  which  he  had  suggested  that  I  might 
be  able  to  use  it. 

Much  occupation  prevented  me  taking  up  this  subject  again 
until  recently,  when  I  recommenced  by  making  a  more  careful 
study  of  this  little  contact-apparatus,  and  found  the  cause  of 
its  irregularity  to  be  vibration  due  to  the  sudden  stopping  of 
the  impelling  spring.  I  therefore  had  it  reconstructed  so  that 
each  part  was  placed  upon  a  separate  base,  and  found  that  it 
then  fulfilled  all  that  could  be  desired  of  it. 

The  periphery  of  the  rotating  disk  is  di^-ided  into  500  equal 
parts  ;  and  as  the  finger  or  pointer  is  furnished  with  a  nonius 
by  which  ^  of  a  division  may  be  accurately  read,  or  ^^q  of 
the  periphery,  it  follows  that  when  the  disk  makes  two  revo- 
lutions per  second,  the  finger  may  be  placed  to  give  a  blow  at 
any  desired  interval  between  O'OOOl  and  0*5  second. 

The  force  of  the  spring  is  adjusted  as  nearly  as  can  be  to 
give  the  requisite  initial  speed  of  rotation  by  observing  the 
engraved  di\asions  of  the  disk,  which  become  visible  in  suc- 
cession under  the  fibre  of  a  small  telescope  when  illuminated 
by  the  spark  of  an  induction-coil,  the  primary  circuit  of  which 
is  opened  and  closed  by  a  half-seconds'  pendulum. 

The  way  in  which  I  have  employed  this  apparatus  for  con- 
trollmg  the  above  method  of  electrically  determining  very 
small  intervals  of  time  is  as  follows  : — The  body  of  the  disk 
d  d  and  spring  are  connected  to  one  side  of  the  mica  accu- 
mulator, A,  fig.  3.  The  spring  ^  e,  whilst  trigged,  rests  in 
conta(;t   with  a  point   s,   con-  j'j„  3_ 

nected  with  one  side  of  the  bat-  r ?- • , 

tery  E.      The  remaining  sides  >    e\  I  ! 

of  the  accumulator  and  battery  j    -—^  \  I 

are  connected  together.    In  this  \ 

position,  therefore,  the  battery      g/^"^ 

charges  the  accumulator.  Con-        ( 

tact   m  is  joined  through  the  ^^A^ 

adjustable    wire    resistance   r,  < 

and    contact    n    through    the  j  , 

galvanometer  Gr, vn.th the  point  ^^  ^ 

of  junction  between  battery  and        '»"  TT^ 

accumulator.    On  releasing  the  | 

disk  the  spring  e,   leaving  s,  1 

breaks  the  battery-circuit,  and,  "■"■ 
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coming  into  contact  with  an  anvil  in  electrical  connexion  with 
the  support  of  the  lever  I,  allows  the  charge  of  the  accumu- 
lator to  leak  ]iartially  away  through  m  and  r  until  the  pointer, 
i,  rotating  Avith  the  disk,  strikes  I  from  m  to  n,  thereby  stop- 
ping further  discharge  through  r,  and  putting  the  accumulator 
to  the  galvanometer,  which  indicates  the  remaining  electricity,  c. 
In  the  experiments  which  follow,  the  object  was  to  compare 


the  relation  of  the  excursions 


©  = 


as  observed  with  the  same 


relation  calculated  by  the  aid  of  the  formula,  on  the  assumption 
that  the  time-intervals  as  indicated  by  the  index  of  the  pointer 
on  the  disk  were  correct.  The  same  accumulator  was  used  as 
in  the  pre-\aous  experiments.  The  battery  consisted  of  two 
LeClanche  cells.  The  galvanometer-coil  was  shunted  by  a 
wire  whose  multiplying-constant  was  =3  in  reading  the  ex- 
cursions due  to  the  initial  charges  C. 


Excursions 

of  needle 

C 

Interval  of  " 

Discharging 

obseryed.               | 

c 

• 

time  by  in- 
dex of  disk. 

resistance    . 
{r). 

C. 

c. 

Observed. 

Calculated. 

second. 

ohms. 

divisions. 

divisions. 

0-0002 

500 

232x3 

204 

3-41 

3-32 

0-0003 

700 

232x3 

206 

3-38 

3-62 

00004 

1000 

233x3 

226 

309 

3-32 

00005 

1200 

233x3 

214 

3-27 

3-49 

00006 

1600 

233x3 

228 

306 

308 

00007 

1700 

233x3 

210 

3  33 

3-44 

00008 

2000 

234x3 

216 

3-25 

3-32 

00009 

2300 

234x3 

226 

311 

3-23 

0001 

2500 

234x3 

218 

3-22 

3-32 

0-002 

5000 

234x3 

224 

3-13 

3-32 

0-003 

7000 

234x3 

216 

3-25 

3-62 

0004 

10000 

235x3 

208 

3-39 

3-32 

0-005 

12000 

235x3 

200 

3-52 

3-49 

0-006 

14000 

235x3 

198 

3-56 

3-62 

0007 

17000 

235x3 

206 

3-42 

3-44 

0-008 

20000 

236x3 

210 

3-37 

3-32 

0-009 

23000 

235x3 

212 

3-33 

3-23 

001 

25000 

237x3 

215 

331 

3-32 

002 

50000 

236x3 

213 

3-33 

3-32 

0-03 

70000 

233x3 

196 

3-57 

3-62 

004 

100000 

231x3 

208 

3-34 

3-32 

0-05 

130000 

232x3 

217 

320 

3-17 

006 

160000 

236x3 

230 

3-08 

308 

0-07 

180000 

235x3 

219 

3-22 

3-21 

008 

200000 

235x3 

210 

3-36 

3-32 

0-09 

230000 

235x3 

218 

3-24 

3-23 

01 

250000 

234x3 

210 

3-34 

3-32 

It  is  evident  from  this  Table  that  the  agreement  between  the 
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intervals  adjusted  mechanically  and  those  calculated  by  means 
of  electrical   leakage    is   very   close,   and    that   the  formula 

(t=fr\og^—  )  is  not  only  applicable  for  slow  discharges  through 

very  high  resistances,  but  equally  so  for  quick  discharges 
through  low  resistances. 

These  two  series  of  test-experiments  I  think  show  conclu- 
sively that  this  system  affords  results  which,  through  a  wide 
range  of  time-intervals,  are  comparable  with  each  other — and, 
further,  that  within  a  small  percentage  these  calculated  inter- 
vals are  correct. 

In  the  method  in  which  two  circuits  are  broken,  the  dischar- 
ging resistance  is  kept  in  circuit  whilst  the  accumulator  is  beino- 
charged,  on  the  assumption  that  the  battery-resistance  is  so 
small  in  comparison  with  it  that  the  potential  of  its  poles  is  not 
thereby  altered.  This  is  theoretically  evident;  and  the  following 
observations  of  the  instantaneous  discharge  when  the  battery- 
poles  were  connected  by  resistances  of  various  values  show 
that,  until  the  discharging  wire  is  reduced  in  resistimce  much 
below  that  Avhich  is  required  to  be  used  in  the  method,  no  ap- 
preciable error  is  introduced. 

Resistance  between  t\'    -l 

poles  of  battery.  Dischai-ge. 

Infinite 277 

100000  ohms    ...  277 

10000     „        ...  277 

1000     „        ...  276 

It  is  also  assumed  in  both  ways  of  working,  that  the  time 
which  elapses  between  the  interruption  of  the  dischargino-- 
wire  and  the  closing  of  the  galvanometer-circuit  is  insufficient 
to  allow  of  leakage  through  the  dielectric  of  the  accumulator. 
The  following  experiment  was  made  for  the  purpose  of  ascer- 
taining the  actual  leakage  of  the  accumulator  for  various  pe- 
riods of  insulation : — 

Instantaneous  discharge  .  =275 

Discharge  after  1  minute  .  =275 

„  15  minutes  .  =272 

„  30       „  .  =269 

It  is  evident,  therefore,  that,  were  even  fifteen  minutes 
allowed  to  elapse  before  taking  the  reading,  the  error  throuo-h 
this  delay  would  be  only  about  1  per  cent.  There  is  nothing, 
however,  to  prevent  the  reading  being  taken  within  a  second 
or  two. 
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In  employing  this  system  I  have  found  that  there  are  certain 
precautions  which  it  is  necessary  to  keep  in  view.  In  the  first 
place,  it  is  desirable,  in  taking  the  readings  of  the  excursions 
of  the  needle,  to  so  adjust  the  resistance-wire  that  the  value  of 
c  is  not  too  nearly  the  same  as  that  of  the  initial  charge  C. 
When  they  are  nearly  of  the  same  value,  a  very  slight  error  of 
observation  makes  a  material  error  in  the  result,  because  the 
difference  of  their  logarithms  may  increase  or  decrease  much 
more  rapidly  than  the  numbers  themselves.  On  the  other 
hand,  the  proportion  between  C  and  c  should  not  be  too  great ; 
in  other  words,  the  accumulator  should  not  be  too  empty  when 
its  reduced  charge  is  observed.  The  electricity  which  flows 
from  a  battery  into  an  accumulator  (assumed  to  be  perfectly 
insulated)  is  employed  in  two  ways  :  (1)  it  suddenly  charges 
the  coatings  inductively  ;  and  (2)  it  gradually  polarizes  or 
charges  the  dielectric  material.  When  the  charged  coatings  are 
connected  through  a  small  resistance,  the  coatings  are  first 
discharged  suddenly,  and  the  "  diselectrification  "  or  discharge 
of  the  dielectric  (which  commences  at  the  same  instant  of  time) 
goes  on  gradually.  We  should  therefore  be  prepared  to  find 
a  small  quantity  of  electricity  still  in  the  accumulator  long 
after  the  coatings  have  been  discharged.  This  is  more  obser- 
vable when  the  discharge  takes  place  suddenly  than  when  it 
takes  place  gradually  (that  is,  through  a  high  resistance), 
because  in  the  latter  case  the  diselectrification-current,  which 
is  very  small  in  comparison  with  the  discharge-current,  has 
time  to  creep  out  with  it  unobserved. 

This,  however,  has  an  effect  only  when  the  accumrdator 
becomes  very  empty  and  the  readings  of  c  are  so  small  as  to 
come  within  its  disturbing  influence.  By  selecting  the  dis- 
charging-resistance  of  such  a  value  that  the  measured  remainder 
from  the  accumulator  is  never  less  than  one  third  or  one  fourth 
of  the  initial  charge,  all  fear  of  error  from  this  cause  may  be 
dismissed. 

There  are  numerous  applications  in  which  the  determination 
of  time-intervals  of  very  small  duration  may  be  found  of  prac- 
tical value  ;  and  I  think  that  this  system  may  be  depended  upon. 

In  conclusion  I  must  acknowledge  the  valuable  assistance 
which  I  have  had,  both  in  arranging  the  apparatus  and  in 
making  the  observations,  from  Mr.  M'Eniry. 

25  Cumberland  Terrace,  N.W., 
February  1876. 
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XLII.   On  Electromachines  with  Disks  of  Ebonite. 
By  Dr.  L.  Bleekrode*. 

[Plate  in.] 

THE  name  " electromachine  "  is  in  Germany  specially  ap- 
plied to  electrical  machines  in  wliicli  no  friction  is  used 
to  cjenerate  electricity,  but  in  its  place  a  small  quantity  is  in- 
troduced into  the  apparatus  to  act  by  induction  on  metallic  points 
fixed  befoi'e  rotating  surfaces,  and  this  action  is  reinforced  by 
the  peculiar  arrangement  of  the  machine.  Tliis  principle  was 
first  employed  by  W.  Holtz,  at  Berlin,  in  1^05,  in  the  con- 
struction which  bears  his  name. 

The  object  of  the  present  communication  f  is  to  place  before 
the  reader  the  results  of  an  investigation  of  this  machine, 
which  has  led  to  the  substitution  of  ebonite  plates  for  glass 
ones  \.  I  had  recourse  to  this  material  because  the  atmospheric 
moisture  in  Holland  (as  it  may  also,  perhaps,  in  England) 
seriously  hinders  the  activity  of  the  apparatus,  and  in  many 
cases  causes  it  not  to  work  at  all.  But  not  only  did  this  change 
of  material  prove  very  useful ;  I  also  found  the  machine,  con- 
structed on  my  system,  to  possess  some  very  remarkable  pro- 
perties, different  from  those  observed  when  glass  disks  are  used, 
and  worth  being  more  generally  known  §. 

I.   The  Electromachine  of  the  First  Species  with  ebonite  disks. 

DescriiHion  of  the  apjjaratus. — The  electrical  machine  of  the 
first  species,  as  it  is  commonly  called,  consists  of  one  fixed  disk, 
before  which  another  somewhat  less  in  diameter  rotates  rapidly 
at  a  very  short  distance  and  passes  along  a  set  of  horizontal 
points  fixed  on  conductors.  I  may  suppose  the  construction 
to  be  sufficiently  known,  as  it  is  the  same  that  was  employed 
by  Borchhardt  of  Berlin  ;  it  presents  the  simplest  form,  and 
has  spread  widely  over  the  continent.  I  have  augmented  the 
surface  of  the  paper  armatures  by  extending  them  almost  over 
two  opposite  quadrants  of  the  fixed  disk,  to  the  horizontal  aper- 
tures ;  and  I  found  it  advantageous  to  cover  the  adhering 
paper  points  with  tinfoil. 

Remarks  on  ebonite. — It  has  been  already  observed  that 
the  peculiar  character  of  my  machine  is  the  substitution  of 
ebonite  for  glass,  so  that  it  is  wholly  composed  of  that  sub- 

*  Communicated  by  the  Author. 

t  A  more  detailed  description  of  the  apparatus  with  illustrations  and  the 
results  obtained,  is  published  in  Poggendorff's  Annalen,  No.  10,  1875. 

X  My  first  machine  with  ebonite  disks  dates  from  the  year  187.3. 

§  The  machine  here  described  (and  probably  also  a  "double  machine) 
will  be  seen  working  in  the  Loan  exhibition  at  South-Kensington  Museum 
in  London,  having  been  sent  by  the  makers. 
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stance ;  and,  as  far  as  I  could  consult  different  periodicals,  I 
have  found  no  mention  of  a  true  Holtz  machine  with  disks  of 
ebonite.  Ebonite  (a  mechanical  mixture  of  india-rubber  and 
sulphur)  ;has  many  advantages  for  this  purpose,  which  glass 
cjin  but  rarely  otler.  It  is  capable  of  developing  much  more 
electricity,  and  readily  becomes  electric  ;  it  is  much  less  hy- 
groscopic, and,  especially  with  regard  to  the  boring  of  the 
apertures  in  the  disk,  is  cheaper.  Here  may  also  be  added  that 
no  part  of  the  apparatus  is  liable  to  be  broken.  Yet  unfavour- 
able properties  must  be  noticed,  which  are  well  known  to 
experimenters  with  this  substance.  It  tends  slowly  to  alter 
its  composition,  especially  if  exposed  to  the  solar  rays  or  to  the 
action  of  ozone  ;  the  sulphur  is  separated  and  transformed  into 
sulphuric  acid,  and  the  insulating  properties  are  destroyed. 
But  it  may  be  observed  here  that  some  qualities  of  ebonite  are 
the  result  of  great  negligence  ;  sometimes  a  bad  kind  of  raw 
material  enters  into  its  manufacture  ;  so  that  very  different 
sorts  are  found  in  commerce.  When  a  demand  shall  have  been 
created  for  a  quality  of  ebonite  specially  suitable  for  electrical 
machines,  it  may  be  expected  that  more  attention  will  be  paid 
to  its  production,  so  that  it  will  be  possible  by  careful  selec- 
tion to  obtain  an  excellent  material. 

I  have  now  for  more  than  two  years  used  the  same  disks  ;  and 
when  their  action  was  not  energetic,  I  soon  restored  it  by  rub- 
bing them  with  magnesia  and  petroleum  *.  When  the  weather 
was  very  damp  this  proved  very  efficient ;  if  exposed  to 
moderate  heat,  it  was  sufficient  to  rub  the  disks  with  the  hands 
to  render  the  machine  active  as  soon  as  they  were  put  in  the 
proper  position.  These  precautions  are  easily  practised,  be- 
cause the  construction  is  very  simple  and  there  is  no  chance  of 
breaking  any  part.  Often,  as  I  have  observed,  the  alteration 
of  the  ebonite  is  but  superficial ;  in  this  case  the  insulating  pro- 
perty is  recovered  when  the  surface  has  been  again  polished. 
At  all  events  this  change  will  not  readily  ensue  when  the  ma- 
chine is  kept,  after  use,  out  of  direct  daylight ;  and  it  is  also 
very  convenient  in  this  case  to  place  the  disks  on  a  horizontal 
surface  ;  this  will  remove  the  curved  superficies  which  appear, 
when  their  diameter  does  not  exceed  2  millims. 

Exciting  the  machine. — The  machine  with  disks  of  ebonite 
has  the  remarkable  property  that,  although  its  action  is  as 
energetic  as  that  obtained  with  glass  disks,  it  is  never  excited 
when  the  inclined  or  diametral  conductor  is  not  present  f.     It 

*  This  liquid  is  a  very  excellent  developer  of  the  electric  qualities  of 
ebonite. 

t  This  name  is  applied  to  the  conductor  which  is  fixed  in  the  axis  be- 
fore the  rotating  disk,  opposite  to  the  paper  armature,  and  inclined  at  an 
angle  of  nearly  70°  to  the  horizon. 
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is  absolutely  necessary  ;  and  even  when  powerful  sparks  are 
passing  between  the  conductors,  the  electric  manifestation  dis- 
appears innnediately  as  soon  as  the  inclined  conductor  is  taken 
away :  the  disks  seem  to  have  entirely  lost  their  charge  ; 
and'even  in  the  dark  not  the  slightest  visible  trace  of  electri- 
city can  be  detected  in  the  apparatus.  The  action  is  completely 
resumed  when  its  inclined  conductor  is  again  brought  to  the 
armatures,  even  at  a  distance  of  2  or  3  centhns.  The  apparatus 
may  be  excited  also  by  placing  for  some  moments  a  piece  of 
rubbed  ebonite  behind  the  rotating  disk  opposite  to  the  points 
of  the  inclined  conductor.  Much  electricity,  attracted  by  in- 
duction, ilows  on  this  surface  from  the  points  ;  and  this  soon 
causes  a  stream  of  sparks  to  pass  between  the  horizontal  con- 
ductors. It  must  be  observed  that  the  excitation  is  only  ob- 
tained when  these  conductors  are  not  in  contact ;  yet  this  is 
necessary  Avhen  glass  disks  are  used.  I  tried,  but  in  vain,  to 
put  the  apparatus  in  action  ^^^thout  the  inclined  conductor,  or 
with  it  Avhen  the  horizontal  conductors  were  brought  close 
together. 

Results  obtained  loith  the  machine. — In  the  machine  above 
described  I  have  used  disks  of  the  greatest  diameter  hitherto 
employed.  That  of  the  fixed  disk  is  58  centims.,  and  of  the 
rotating  one  55  centims.  The  condensers  in  connexion  with 
the  horizontal  conductors  are  Leyden  jars,  with  a  covered  sui-- 
face  of  1  square  decim.  Without  them,  when  the  negative 
conductor  ends  in  a  spheroid  (9  centims.  diameter)  and  the 
positive  in  a  sphere  (2  centims.  diameter),  a  continuous  stream 
of  sparks  passes  at  a  distance  of  4  centims.  At  a  greater  dis- 
tance a  beautiful  sheaf  appears  between  the  conductors,  con- 
sisting of  a  stem  of  2  or  3  centims.  with  a  bundle  of  thin  violet 
threads  which  continue  to  radiate  towards  the  opposite  con- 
ductor, even  at  a  distance  of  17  centims.,  neutralizing  the  nega- 
tive electricity.  When  the  condensers  are  connected,  energetic 
and  very  bright  sparks  are  obtained,  the  greatest  length  of 
which  under  favourable  circumstances  reach  25  to  26  centims. 
But  at  the  ordinary  temperature,  without  special  heating,  the 
length  of  the  spark  is  17  or  20  centims.  ;  and  in  a  moist  atmo- 
sphere the  machine  never  remained  active  ;  even  sparks  of  a 
length  of  10  centims.  were  produced. 

It  may  be  concluded  from  these  facts  that  the  ebonite  machine 
equals  the  machine  with  glass  disks  ;  besides,  its  power  of  re- 
taining its  electric  charge  is  so  high,  that  I  often  found  it  in 
electric  condition  when  four  weeks  had  elapsed  ;  and  the  action 
was  entirely  restored  when  the  disk  was  set  in  rotation.  It 
was  even  somewhat  difficult  to  put  the  machine  in  a  wholly 
neutral  condition,  if  required  for  investigation  ;  a  slight  trace 
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of  electricity  that  remained  on  the  disks  was  sufficient  to  pro- 
duce energetic  sparks  after  a  few  revolutions  of  the  disk.  Neu- 
tralizing Avas  in  most  cases  effected  when  the  horizontal  con- 
ductors were  brought  into  close  contact  and  the  disk  was 
caused  to  rotate  in  the  opposite  direction  to  the  former. 

II.    The  Double  Elcctromachine  ivitli  ebonite  disks. 

The  double  elcctromachine  consists  of  a  combination  -of  one 
fixed  disk,  on  each  side  of  Avhich  a  somewhat  smaller  disk  can 
rotate  *.  As  the  construction  I  have  adopted  is  new,  it  may 
be  useful  to  elucidate  the  description  by  a  sketch  in  a  hori- 
zontal projection  (PL  III.  fig.  1). 

Descrijytion  of  the  apjjciratus. — On  a  wooden  frame  are  fixed 
two  pillars  of  ebonite,  a  and  b.  They  bear  two  sets  of  hori- 
zontal conductors,  c,  (/,  and  d,  d'  ;  the  latter  are  provided 
-«ath  electrodes,  e  and  /,  which  can  be  put  at  different  distances 
from  another  ;  g  and  g'  are  vertical  metallic  rods,  which,  when 
in  contact  with  e  and  /,  serve  to  convey  the  two  electricities  to 
other  apparatus.  M  is  a  wooden  column,  which  holds  the 
horizontal  axis  A,  a  fixed  steel  rod  on  which  an  ebonite  cylinder 
is  caused  to  rotate  by  means  of  a  band  and  wheel,  N.  This 
cylinder  carries  the  two  movable  disks  of  ebonite,  p  and  q, 
pressed  together  by  small  plates  n  and  n'  and  the  screw  z  ;  be- 
t^veen  them  stands  fixed  on  the  board  the  disk  k,  which  is  retained 
in  its  position  by  screws  I,  V ,  and  t  (fig.  2).  A  large  aperture 
in  its  centre  permits  the  axis  A  to  rotate  without  communi- 
cating its  motion  to  it.  Finally,  in  h  h  and  //  h'  the  two  diame- 
tral or  inclined  conductors  are  sho^vn,  which  can  be  moved  to  and 
fro  if  necessary.  One  (Ji  h)  is  fixed  on  an  ebonite  ring,  the  other 
on  the  axis;  r  r  and  r'  /  are  two  sets  of  paper  armatures;  fig.  2 
shows  their  arrangement,  near  the  apertures  o  and  o',  on  the 
fixed  disk.  All  the  parts  are  so  adjusted  that  they  may  be 
easily  removed  ;  therefore  the  conductors  c  and  c,  d  and  d' 
are  separately  screwed  to  the  columns  a  and  b  ;  and  when  the 
screw  z  is  loosened  the  disks  can  be  taken  away  from  the 
axis. 

Exciting  the  machine. — This  is  effected  in  the  same  way  as 
in  the  former  apparatus,  and  as  quickly.  A  peculiar  method 
for  brinoino-  it  into  an  active  condition  consists  in  causing  the 
disks  to  rotate  rapidly,  rubbing  one  of  thejn  at  the  same  time 
with  the  hand.  It  then  becomes  electi'ic  by  friction  ;  this  is 
sufficient  to  produce  a  stream  of  sparks  between  the  electrodes, 
and  then  the  hand  need  no  longer  be  applied. 

*  The  first  double  electromacliine  was  constructed  by  Dr.  P.  Kaiser, 
and  described  in  Les  Mondes,  ]8G9.  Anotlier  consti-uction,  also  very 
powerful,  was  published  by  Prof.  Poggendorff  in  his  Annalen,  1871. 
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Besults  obtained  with  the  machine. — In  the  apparatns  here 
describeil,  the  dimensions  are  not  very  great ;  the  tixcd  disk 
has  a  diameter  of  35  centims.,  and  the  two  rotating  ones  30 
centims.  Between  the  electrodes  (when  the  negative  condnctor 
terminates  m  a  spheroid)  a  stream  of  sparks  is  prodnced,  with- 
out using  the  condensers,  at  a  distance  of  6  centims. ;  in  the 
opposite  case,  of  3  centims.  With  the  condensers  applied 
(which  have  a  tinfoil  armature  of  90  centims.  square)  numerous 
sparks  pass  from  one  to  the  other  electrode  at  a  distance  of  10 
or  12  centims  ;  and  in  the  most  tavourable  circumstances  (for 
instance,  when  a  slowly  burning  coal  fire  is  at  hand)  the  elec- 
tricities are  discharged  even  at  a  distance  of  17  centims. — that 
is,  2  centims.  more  than  the  radius  of  the  rotating  disk.  This 
occurred  especially  when  the  loss  of  electricity  by  streaming 
out  from  the  shai'p  points  of  the  positive  electrode  was  dimi- 
nished by  bringing  it  into  contact  with  a  small  disk  of  ebonite, 
fixed  on  the  board  near  e  or  /.  I  must  add  here,  as  an  impor- 
tant property  of  this  kind  of  electromachines,  that  the  re- 
versing of  the  electric  condition  of  the  paper  armatm"es  (which 
is  very  inconvenient  in  the  single  apparatus)  never  occurs  in 
the  double  system.  The  only  way  to  change  the  polarity  of 
the  electrodes  is  first  to  discharge  the  machine  entirely,  and 
then  to  excite  again  in  the  opposite  manner.  For  the  first- 
described  machine  the  polarity  could  be  reversed  by  moving 
the  diametral  conductor  out  of  its  position,  and  then  bringing 
it  back  again  ;  then  the  armatures  always  changed  their  elec- 
tric condition. 

III.  I^ew  Observations  with  Ebonite  Machines. 

The  properties  of  the  diametral  cojiductor. — The  great  dif- 
ference between  the  electromachine  with  glass  disks  and 
those  with  ebonite  ones,  consists  in  the  peculiarity  that  the 
latter  absolutely  require  the  diametral  or  inclined  conductor, 
in  order  to  become  active  and  to  remain  so  ;  by  taking  it  away 
the  machine  is  immediately  rendered  inactive. 

On  the  contrary,  it  is  sufficiently  known  that  machines  with 
glass  disks  may  be  used  without  the  conductor,  although  they 
do  not  Avork  as  regularly,  nor  is  the  length  of  the  spark  as 
great,  as  when  provided  A^-ith  it*.  It  has  been  stated  by 
Prof.  Poggendortf,  that  when  no  large  paper  armatures  are 
used  it  is  necessary,  in  machines  with  glass  disks,  to  take  aicay 
the  diametral  conductor  ;  otherwise  the  machine  cannot  be 
excited.     Now  here  it  is  quite  the  contrary  :  several  times  I 

*  Experimenters  witli  the  machines  with  glass  disks  will  have  had 
many  occasions  to  observe  that  the  length  of  the  spark  obtained  without 
this  conductor  can  be,  with  proper  dimensions,  V2  or  15  centims. 
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tried  to  get  the  machine  active,  by  one  of  the  methods  men- 
tioned above,  without  this  conductor ;  but  it  remained  no 
longer  charged  as  when  the  exciting  cause  (the  hand  or  the 
ebonite  rod)  Avas  present :  the  apparatus  would  never  continue 
its  action  till  the  diametral  conductor  was  applied ;  and  the 
action  ceased  on  its  removal. 

This  property  may  be  used  to  show,  in  a  very  satisfactory 
manner,  that  the  quantity  of  electricity  that  the  double  electro- 
machine  yields  is  really  doubled.  When  one  of  the  diametral 
conductors  is  removed,  then  the  disk  before  which  it  was 
placed  becomes  as  completely  inactive  as  when  it  was  taken 
out  of  the  apparatus.  Now,  for  instance  in  half  a  minute,  by 
using  two  rotating  disks,  as  many  as  40  sparks  (5  centims.  in 
length)  appeared  between  the  electrodes  ;  and  after  removing 
one  of  the  diametral  conductors  almost  exactly  20  sparks  only 
were  obtained.  To  get  the  machine  active  when  the  horizontal 
conductors  were  brought  into  contact,  and  without  the  inclined 
conductor,  was  impossible,  because  it  always  requires  this 
piece  ;  and  experience  confirms  this  ;  yet  the  machines  with 
glass  disks  are  easily  charged  in  this  way.  I  have  not  suc- 
ceeded in  accounting,  in  a  quite  satisfactory  manner,  for  the 
remarkable  behaviour  of  the  diametral  conductor  in  connexion 
with  ebonite  machines,  which,  as  will  now  be  clear,  is  quite 
the  contrary  of  that  with  glass  disks.  The  following  remarks, 
however,  may  be  made.  When  the  ebonite  machine  is  excited 
by  placing  an  electric  ebonite  rod  before  one  of  the  paper 
armatures,  it  is  certain  that,  in  consequence  of  the  extremely 
bad  conductivity  of  the  material  used,  the  induction  through 
the  disks  on  the  points  of  the  horizontal  conductors  will 
be  very  difficult  to  set  in  action,  and  that  it  is  moi'e  advanta- 
geous, in  order  to  excite  the  machines,  to  hold  the  electric 
body  immediately  before  the  points  of  the  diametral  con- 
ductor, which  then  charges  the  rotatino;  disk  with  the  two 
electricities.  These,  in  turn,  act  by  induction  on  the  card 
points  of  the  armatures  ;  and  in  this  way  the  apparatus  is 
rapidly  charged. 

But  the  same  might  be  supposed  to  take  place  without  the 
diametral  conductors,  by  means  of  the  points  of  the  horizontal 
conductors,  when  in  contact  with  another  ;  and  a  feeble  action 
at  least  might  be  expected.  This  is  really  the  case  "v^Tlth  the 
double  electromachine  when  glass  disks  are  used  ;  it  does 
not,  however,  become  active  so  rapidly  as  in  the  ordinary  way. 

The  theory  which  would  account  for  this  property  of  the 
diametral  conductor  in  ebonite  machines  is  yet  a  desideratum. 

Action  of  the  ebonite  machine  ivhen  rotating  in  an  ahnormal 
direction. — Tlie  ebonite  machine  of  the  first  species  possesses  a 
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property  which  I  have  not  found  mentioned  of  the  same 
apparatus  with  glass  disks  :  it  also  develops  electricity  when 
the  disk  is  rotating  in  the  direction  of  the  card  points.  I  call 
this  direction  (which  is  j'ust  the  contrary  of  the  usual  motion) 
abnorrnal. 

When  during  some  time  energetic  discharges  have  occurred, 
and  the  diametral  conductor  is  removed  from  its  position,  so 
as  to  occupy  a  position  as  much  on  the  left  of  the  vertical  as 
before  on  the  right  (it  has  then  no  armatures  before  itj  points), 
again  a  series  of  sparks  appear  between  the  horizontal  con- 
ductors when  the  disks  are  rotating  in  the  opposite  direction 
to  their  former  one ;  even  sparks  of  a  length  of  5  centims. 
may  then  be  obtained.  The  condensers  are  not  necessary; 
and  the  same  fact  is  observed  with  the  double  electromachines. 
I  believe  that  the  cause  of  it  must  be  ascribed  to  the  electricity 
which  remains  on  the  armatures,  as  these  are  perfectly  insulated, 
and  therefore  the  machine  acts  as  an  electrophorus  machine. 
The  action  is  not  increasing ;  it  is  rather  slowly  diminishing. 
I  observed  in  this  case  also  the  singular  fact  that  when  the 
diametral  conductor  occupies  the  described  position,  but  the 
disks  are  rotating  in  the  usual  way  (against  the  card  points), 
the  sparks  cease  to  pass  between  the  horizontal  conductors ; 
but  often,  in  the  same  horizontal  conductor,  half  the  points 
become  positively,  and  the  other  half  negatively  electrified, 
W'hich  is  evident  from  their  luminous  appearance  in  the  dark. 

Action  of  the  electricity  on  flames. — When  trying  to  dis- 
charge the  ebonite  machine  by  approaching  a  lighted  candle 
near  the  disks,  I  observed  a  remarkable  influence  exerted  by 
the  accumulated  electricity  on  the  shape  of  the  flames.  Near 
the  paper  armature  charged  with  positive  electricity  (from 
whose  points  negative  electricity  is  escaping)  the  flame  is 
repelled  strongly,  and  retreats  from  the  disk;  near  the 
negative  armature  it  is  attracted,  and  ends  in  a- sharp  point. 
The  same  is  seen  with  a  gas-flame ;  and  I  even  succeeded  in 
substituting  for  the  diametral  conductor  a  so-called  ^ame  con-' 
ductor,  which  consists  of  a  wooden  rod,  whereon  no  points  are 
fixed,  but  small  glass  tubes  connected  wnth  the  gas-pipes  of 
the  laboratory.  A  set  of  flames  is  in  this  way  produced  be- 
fore the  rotating  disk,  which,  by  their  forms,  denote  its  posi- 
tive and  negative  conditions. 

The  explanation  of  this  experiment  may  be  founded  on  the 
fact,  not  very  generally  known  (mentioned  by  Riess),  that 
when  a  substance  is  burnt  electricity  is  generated ;  and  in  the 
case  of  carbon  being  present,  the  ascending  carbonic  acid  is 
positively  electrified. 

We  may  conclude  from  the  foregoing  statements  : — 
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1.  The  ebonite  electromachines,  when  constructed  with 
I'bonite  of  good  quality,  are  at  least  equal  to  the  best  machines 
with  glass  disks  in  regard  to  their  action ;  but  they  surjjass 
them  by  their  relatively  small  expense,  nonfrangibility,  and 
permanent  electric  condition. 

2.  The  double  electromachine  constructed  by  me  is  a  very 
powerful  arrangement  for  producing  electricity  in  great  quan- 
tity, as  well  as  of  great  tension. 

3.  The  substitution  of  ebonite  for  glass  disks  not  only  de- 
serves attention  because  the  usefulness  is  enhanced,  but  also 
because  new  data  are  acquired,  which  maybe  of  great  interest 
for  the  complete  theory  of  electromachines. 

The  Hague,  March  1876. 


XLIII.   On  Salt  Solutions  and  Attached  Water. 

By  Frederick  Guthrie. 

[Continued  from  p.  60.] 

IV. 

Separation  of  Ice,  or  of  a  Hydraie,  or  of  the  Anhydrous  Salt, 

from  solutions  of  Salts  beloio  0°  C 
§  123.  "TTERY  many  determinations  have  been  made  of  the 
»  solubility  of  various  salts  in  water  at  tempera- 
tures ranging  from  0°  C.  to  the  temperature  of  ebullition  of 
the  saturated  salt  solution.  To  Gay-Lussac,  to  Kremers,  to 
Regnault,  and  others  are  due  several  series  of  exact  determi- 
nations in  this  direction  of  research.  But  the  examination  of 
the  phenomena  of  solidification  which  take  place  in  salts  of 
certain  strengths  at  temperatures  below  0°  C.  has  suifered 
comparative,  almost  complete,  neglect.  And  this  appears  to 
have  arisen  partly  from  the  circumstance  that  it  has  been 
asserted  by  some  philosophers,  and  denied  by  others  entitled 
to  equal  respect,  that  when  a  solution  of  a  salt  below  0°  C. 
begins  to  solidify  by  loss  of  heat,  the  solid  formed  is  pure  ice. 
It  has  been  my  privilege  to  reconcile  the  opposing  views  by 
the  discovery  of  the  fact  which  I  trust  now  to  have  fully  estab- 
lished, that  when  a  salt  solution  which  is  already  any  fraction 
of  a  degree  below  0°  C.  is  cooled,  one  of  three  things  must 
happen  ;  and  which  of  them  happens  is  determined  with  tlie 
same  salt  by  the  strength  of  the  solution. 

1.  In  all  solutions  weaker  than  the  cryohydrate,ice  is  formed, 
at  temperatures  which  are  lower  according  as  the  solution  is 
richer  in  salt. 

2.  In  solutions  of  a  certain  strength  (namely  that  of  the  cryo- 
hydrate),  combination  of  the  salt  and  water  take  place  in  defi- 
nite ratio  and  at  a  constant  temperature.  The  solution  is  there" 
fore  a  melted  cryohydrate,  and  solidifies  as  a  whole. 
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3.  When  yolution.s  .stronger  than  tlic  cryt)liy{lr:ito,  below  0° 
C,  are  cooled,  either  the  anhydrous  salt  or  some  hydrate  richer 
in  salt  than  the  crvohydrate  separates. 

It  follows  that  tlie  cryohydrate  may,  and  indeed  must  inevi- 
tably be  reached  both  bv  coolinor  a  solution  weaker  tlian  the 
cryohydrate  (ice  separates,  the  solution  strengthens,  the  tem- 
perature sinks),  and  by  cooling  a  solution  stronger  than  the 
cryohydrate  (anhydrous  salt  or  a  hydrate  richer  than  the  cryo- 
hydrate separates,  the  solution  weakens,  the  temperature  sinks). 
Assuming  as  a  fact  that  which  will  be  abundantly  proved, 
namely  that  every  salt  which  is  soluble  above  0°  C.  is  also 
soluble  below  0°  C.  (we  shall  see  that  there  is  CAen  no  quanti- 
tative discontinuity  at  0°  C.  in  the  solubility),  it  follows  immedi- 
ately that  a  solution  of  any  degree  of  strength  whatever  gives 
rise  on  cooling,  sooner  or  later,  to  a  liquid  which  remains  unso- 
lidified  until  the  proper  ratio  and  temperature  is  reached,  and 
then  solidifies  in  that  constant  ratio  and  at  that  constant  tem- 
perature. From  a  solution  of  the  strength  of  the  cryohydrate 
nothing  separates  until  the  proper  temperature  is  reached. 
And  then,  however  rapid  the  absorption  of  heat  may  be,  the 
temperature  never  sinks  lower  until  solidification  is  complete. 
§  124.  I  propose  in  the  present  communication  (1)  to  trace 
the  history  of  solutions  weaker  than  the  cryohydrates  as  they 
yield  ice  on  cooling,  and  (2)  to  examine  the  separation  of  an- 
hydrous salts  or  hydrates  richer  than  the  cryohydrates  w^hen 
solutions  richer  than  the  cryohydrate  are  cooled.  With  regard 
to  the  first  of  these  branches  of  inquiry,  the  only  experiments 
in  this  direction  which  I  have  described  are  those  relating  to 
chloride  of  sodium  in  §  10,  and  those  concerning  spirits  of 
wurie  in  §  96. 

A  solution  of  a  salt  below  0°  C.  which  is  stronger  than  the 
cryohydrate,  may  be  viewed  as  a  solution  in  the  cryohydrate, 
either  of  a  hydrate  richer  than  the  cryohydrate  or  of  the  anhy- 
drous salt.  A  solution  of  a  salt  below  0°  C.  which  is  weaker 
than  the  cryohydrate  may  be  properly  regarded  as  a  solution 
of  ice  in  the  cryohydrate.  A  solution  of  chloride  of  sodium 
stronger  than  its  cryohydrate  may  be  also  regarded  as  a  solu- 
tion of  the  subcrvohydrate,  Na  CI  2  H2  0  (?),  in  the  cryohydrate 
(§  15). 

Just  as  a  given  weight  of  water  dissolves  at  temperatures 
above  0°  C,  with  rare  exceptions,  more  of  a  salt  the  higher 
the  temperature,  so  a  given  weight  of  the  cryohydrate  dissolves 
more  ice  at  higher  temperatures,  below  0  C,  than  at  lower 
ones.  The  weaker  a  given  weight  of  a  salt  solution  belOw  0° 
(J.  is,  the  smaller  is  the  weight  of  the  cryohydrate  in  it,  and 
accordingly  the  less  is  the  weight  of  ice  which  the  given  weight 
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of  solution  is  capable  of  dissolving.  Experimentally,  tliis  ap- 
jjears  m  the  re!*ults  of  all  my  experiments  to  be  described  below, 
that  the  stron^rer  a  solution  of  any  given  salt  is  (being  weaker 
than  the  oryohydrate),  the  lower  is  the  temperature  below  0° 
C.  to  which  it  must  be  brought  in  order  to  yield  ice  ;  and  the 
stronger  a  solution  of  any  given  salt  is  (being  stronger  than 
the  cryohydrate),  the  less  need  its  temperature  be  depressed  in 
order  to  yield  the  anhydrous  salt,  or  a  hydrate  richer  in  salt 
than  the  cryohydrate.  And,  as  before  stated,  the  latter  kind 
of  separation  is  quite  continuous  with  the  separation  of  such 
bodies  at  temperatures  above  0°,  such  as  is  exhibited  in  the 
ordinary  Tables  of  solubilities  referred  to  in  §  123. 

§  125.  Almost  all  the  numerical  results  are  represented 
graphically  in  fig.  1.  The  abscissje  are  in  all  cases  the  per- 
centages of  the  anhydrous  salt  in  the  water.  The  ordinates, 
—  or  + ,  are  the  temperatures  Centigrade  below  or  above  0° 
C.  at  which  solid  matter  begins  to  separate  on  cooling  the  solu- 
tion. The  point  of  reflexure  (that  is,  the  lowest  point  of  each 
tracing)  shows  the  temperature  at  which  the  particular  cryo- 
hydrate is  formed,  and  also  the  percentage  of  anhydrous  salt 
in  the  cryohydrate.  The  left-hand  branches  of  the  tracings 
exhibit  the  temperature  at  which  ice  separates  from  solutions 
of  the  respective  salts  of  the  corresponding  percentage  compo- 
sition. The  right-hand  branch  of  each  tracing  shows  the  tem- 
peratures at  which  the  anhydrous  salt  or  a  hydrate  richer  than 
the  cryohydrate  is  separated.  The  parts  of  these  branches 
above  the  zero-line  show  the  ordinary  solubility  of  the  same 
salts  above  0°.  The  figure  is  reduced  from  my  drawing,  in 
which  the  percentages  and  tenths  were  centimetres  and  milli- 
metres ;  and  the  degrees  C.  and  their  tenths  were  also  centi- 
metres and  millimetres.  The  actual  observations,  being  dotted 
off,  were  joined  by  straight  lines. 

§  12G.  General  remarks  on  the  experiments. — Whenever 
possible,  the  solutions  of  the  salts  examined  were  made  by  dis- 
solving weighed  quantities  of  the  anhydrous  pure  salt  in  quan- 
tities of  water  measured  from  a  Mohr's  burette.  The  grammes 
and  centimetres  were  those  of  the  percentages  ;  that  is,  to  form 
a  20-per-cent.  solution,  20  grms.  of  the  salt  and  80  cubic  cen- 
tims.  of  distilled  water  were  employed.  Now  and  then  a  con- 
trol mixture  formed  by  weighing  only  was  examined  ;  but  it 
appeared  that  the  sources  of  error  introduced  by  measuring 
instead  of  weighing  the  water  were  vanishingly  small  com- 
pared Avith  the  unavoidable  errors  of  observation,  notably  those 
mentioned  in  the  next  paragraph. 

Siipersatnration. — With  every  salt  solution  from  which  we 
wish  to  get  solidification  by  means  of  cooling,  we  have  to  guard 
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against  supersatunition.  Tlie  noiloii  tliat  in  order  to  start  the 
crvstaHization  of  a  supersaturated  sohition  crystals  must  be 
present  in  the  air  identical  in  chemical  kind  with  those  ready 
to  be  foniied  in  the  solution,  seems  to  be  disproved  by  the  fact 
hat  supersaturation  in  regard  to  ice  is  of  the  very  commonest 
occurrence.  In  many  cases  a  salt  solution  which  should  yield 
ice  at  a  temperature  — ^°  refuses  to  do  so  until  —  (^°  +  5°  or  6°) 
is  reached  ;  then  ice-crystals  are  formed  through  the  mass  and 
the  temperature  rises.  Although  we  may  indeed  imagine  ice- 
crystals  to  be  floating  in  the  air  about  the  surface  of  the  cryo- 
gen,  we  can  scarcely  conceive  these  microscopic  crystals  to 
travel  unmelted  through  the  surrounding  air,  which  may  be  at 
10°  or  15°  C,  so  as  to  reach  the  liquid.  And  if  it  be  argued 
that  the  origin  of  the  ice-crystals  may  be  at  or  near  the  surface 
of  the  salt  solution  in  the  experimental  tube,  I  reply  that  crys- 
tallization from  a  supersaturated  solution  occurs  both  when  it  is 
covered  with  a  layer  of  oil  and  when  only  the  lower  part  of 
such  a  solution  is  acted  on  by  the  cryogen. 

Method  of  observation. — Since  the  separation  of  ice  strengthens 
the  solution,  it  is  necessary  to  determine  the  temperature  of 
the  very  beginning  of  the  ice-formation.  The  salt  solution  is 
cooled  in  a  test-tube  until  some  ice  is  formed  ;  this  is  very 
nearly  completely  remelted  under  constant  stirring  with  the 
thermometer,  and  then  the  tube  is  plunged  momentarily  into 
the  cryogen.  The  minute  spicula  of  ice  so  formed  are  again 
nearly  remelted.  The  mean  of  four  or  fiv§  readings  of  the 
thermometer  when  the  minute  quantity  of  ice  begins  to  increase 
is  taken  as  the  true  temperature  of  ice-formation.  In  order  to 
save  time  and  start  the  crystallization  of  ice  in  a  solution  which 
one  has  reason  to  suppose  is  supersaturated  with  ice,  the  ther- 
mometer-bulb may  be  plunged  into  the  cryogen  and  rapidly 
wiped  dry,  or  into  the  mercury-cup  to  be  described  immedi- 
ately. It  soon  becomes  clothed  with  a  film  of  ice-crystals  from 
the  moisture  of  the  air.  These  are  indeed  almost  invisible,  and 
far  too  small  in  quantity  to  alter  the  strength  of  the  salt  solu- 
tion when  brought  into  contact  with  it,  but  amply  sufficient  to 
determine  the  separation  of  ice  if  the  solution  be  supersaturated 
in  regard  to  that  body. 

When  the  tube  containing  the  salt  solution  is  plunged  into 
the  cryogen  till  crystallization  begins  and  then  removed,  por- 
tions of  the  cryogen  adhering  to  the  tube  may  carry  the  ice- 
formation  too  far,  and  by  soiling  obscure  the  tube.  It  is  there- 
fore found  convenient  to  have  standing  in  the  freezing-mixture 
a  short  wide-mouthed  bottle  of  mercury,  and  for  the  final  ob- 
servations to  plunge  the  tube  into  this  and  so  avoid  soiling. 

The  solutions  stronger  than  the  cryohydrate  were  treated  in 
a  similar  manner. 

For  the  solubilities  of  the  various  salts  at  0°  I  kept  the  solu- 
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tions,  previously  .^^atnrated  at  12°  C,  for  three  hours  at  0°,  and 
determined  the  strenn;th.><  by  cvajioration  <kv.,  in  .'ionie  eafies  by 
determination  of  one  constituent  by  the  usual  chemical  means. 
I  find  these  latt(^r  determinations  agree  very  closely  with  thos6 
of  Kremers  throughout.  Indeed,  as  will  be  seen,  we  seldom 
differ  more  than  0*3  per  cent.  For  the  determination  of  the 
temperatures  above  0°  C.  at  which  salts  and  their  hydrates 
separate,  I  have  found,  contrary  to  my  anticipations,  the  more 
exact  method  to  be  in  most  cases  to  warm  a  given  weight  of 
the  salt  with  its  proper  percentage  of  water  in  a  stoppered 
bottle  till  solution  was  effected,  and  then  by  repeated  observa- 
tion find  the  temperature  of  incipient  crystallization,  rather 
than  attempt  to  keep  the  water  and  salt  for  a  hnigth  of  time  at 
a  constant  temperature  and  then  detei-mine  the  strength.  The 
latter  method,  however,  is  of  course  especially  available  for  0° 
and  100°  C. 

§  127.  Separation  of  Ice,  of  Suhcryohjdrate  and  of  NaCl 
from  solutions  of  that  salt. — The  following  Table  (XVI.) 
shows  the  temperature  below  0°  C.  at  which  ice  begins  to  be 
separated  from  solutions  of  common  salt  of  ditferent  strengths. 
In  selecting  these  strengths  I  have  chosen  several  close  to  the 
critical  points,  namely  to  that  of  distilled  water,  to  that  of  the 
cryohydrate,  and  to  that  of  saturation.  And  in  the  case  of 
other  salts  I  have,  as  far  as  possible,  examined  solutions  of  the 
same  percentage-weight  strengths.  The  ascent  (see  fig.  1. 
NaCl)  is  so  steep  from  the  cryohydrate  to  0°  C.  that  I  have 
only  been  able  to  introduce  one  observation.  As  my  deter- 
mination for  0°  C.  was  26*27  (§  11),  and  Poggiale's  w^as  26'28, 
I  have  no  hesitation  in  adopting  Poggiale's  for  +  25°  and  +  40°. 

Table  XVI. 


NaCl 

per  cent.  by. 

weight. 

H,0 

per  cent,  by 
weight. 

Temperatiu-e 

Centigrade  at 

which  a  solid 

i8  formed. 

Nature  of  solid. 

1 

99 

o 
-  0  3 

Ice. 

2 

98 

-  0-9 

3 

97 

-   1-5 

4 

96 

-  2  2 

7 

93 

-  4  2 

10 

90 

-  6  6 

13 

87 

-  9  1 

15 

85 

-110 

16 

84 

-119 

19 

81 

-15-5 

20 

80 

-170 

22 

78 

-20  0 

23-6 
25 

26-27 

76-4 

75 

73-73 

-220 

-1201 

oof 

Cryohydrate. 
r  Subcryohvdrate. 

t  NaCl. 

26-5 
26-8 

73-5 
73-2 

+250 
+40-0 

„     (Poggiale). 
„     (Poggiale). 
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This  Table  is  to  be  regarded  as  replacing  Table  VI,  in  §  10 
as  far  as  the  two  are  comparable.  I  bracket  the  snbcryohy- 
drate  and  the  NaCl  together,  because  the  range  of  ratio'  is  so 
small  for  a  great  temperature-difference  that  I  cannot  at  pre- 
sent undertake  to  say  within  two  or  three  degrees  the  tempe- 
rature-range peculiar  to  each  body. 

§  128.  Separation  of  Ice  or  Anhydrous  Chloride  of  Ammo- 
nium from  solutions  of  that  salt. — The  following  Table  (XVII.) 
shows  the  temperature  of  solidification  of  solutions  of  NH4  CI 
of  various  strengths. 

Table  XVII. 


NH  CI 

H  0 

Temperature 

per  cent,  by 
weight. 

per  cent,  by 
weight. 

Centigrade  at 
which  solidifi- 
cation begins. 

Nature  of 
solid. 

1 

99 

0 
-  0-4 

Ice. 

3 

97 

-   16 

5 

95 

-  3  1 

„ 

7 

93 

-  4  6 

10 

90 

-    71 

13 

87 

-  9-9 

15 

85 

-12-0 

,. 

16 

84 

-130 

17 

83 

-140 

18 

82 

-150 

19 

81 

-158 

,, 

19  27 

8073 

-160 

Crjohydrate. 

20 

80 

-15 

NH^  CI. 

22 

78 

-  5 

^j 

23-2 

76-8 

0 

„ 

25 

75 

+  8 

^, 

30 

70 

+32 

'• 

It  will  be  seen  that  I  make  now  the  solidifying-point  of  the 
cryohydrate  —16  instead  of  —15.  This  agrees  with  its  tem- 
perature as  a  cryogen.  The  tracing  of  NH4  CI  in  fig.  1  is 
seen  to  pass  through  the  0°  line  without  deflection.  Like  the 
NaCl  line  it  has  a  point  of  contrariflexure,  but  not  so  near  the 
cryohydrate  as  with  the  latter  salt.  The  determination  at  0°  C. 
was  derived  from  the  analysis,  12*1852  of  the  liquid  gave 
2-7721  of  NH4CL 

§  129.  Separation  of  Ice  or  Anhydrous  Nitrate  of  Potassium 
from  solutions  of  that  salt. — Nitrate  of  potassium  being  far  less 
soluble  below  0°  C.  than  the  two  preceding  salts,  and  its  cryo- 
hydrate not  differing  much  from  the  saturated  solution  at  0°, 
I  have  not  attempted  to  get  any  temperature-values  between 
the  two  ;  but  I  have  carefully  followed  the  form  of  the  tra- 
cing up  to  the  cryohydrate,  and  also  above  0°. 
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KNO, 

per  cent,  by 

Temperature 
Centigrade  at 

Nature  of 

per  cent,  by 

which  solidifi- 

solid. 

weight. 

weight. 

cation  begins. 

1 

99 

-8i 

Ice. 

2 

98 

-0  3 

J, 

3 

97 

-0-7 

,, 

4 

96 

-11 

„ 

5 

95 

-1-5 

,, 

7 

93 

-2  2 

,, 

8.5 

915 

-2-6 

,, 

10 

90 

-2  9 

,, 

112 

88-8 

-3  0 

Crvohydrate*. 

12 

88 

00 

KNO3. 

13 

87 

-1-2-0 

,, 

15 

85 

+60 

„ 

20 

80 

4-140 

„ 

25 

75 

+210 

„ 

.•55 

65 

+35  0 

„ 

40 

60 

+410 

" 

The  composition  at  0°  0.  was  derived  from  the  analysis  by 
evaporation  of  11-8050  grms.,  which  gave  1*4166  of  KNO3,  or 
12  per  cent.  (Gay-Lussac  found  11*68). 

§  130.  Separation  of  Ice  and  Hydrate  of  CaClz  from  solu- 
tions of  that  salt. — Although  troublesome  to  manipulate,  I  pre- 
ferred to  make  the  solutions  by  weighing  the  anhydrous  chloride. 

Table  XIX. 


CaCl 

H,0 

per  cent,  by 
weight. 

Temperature 

per  cent,  by 
weight. 

at  which  soli- 
dification 
begins. 

Nature  of  solid. 

1 

99 

0-2 

Ice. 

2 

98 

05 

3 

97 

11 

4 

96 

1-6 

„ 

5 

95 

21 

7 

93 

33 

10 

90 

55 

15 

85 

105 

20 

80 

175 

28 

72 

27-5 

Cryohydrate. 

36-45 

735 

87 

Unknown  hydrate. 

39 

61 

0 

CaCl^+eH^O. 

45  (Gerlach) 

55 

15-5 

»« 

.-  ♦  I  have  adopted  the  teniperatui'e  —3°,  after  a  long  series  of  experiments, 
instead  of  —  2*f),  which  is  given  in  Table  X. 
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The  determination  at  0°  0.  was  made  by  estimating  the 
chlorine  as  chloride  of  silver.  There  is  such  little  difference 
between  the  composition  of  the  cryohydrate  and  the  hydrate 
separated  at  0°,  that  I  have  been  unable  to  estimate  the  com- 
position at  intermediate  temperatures.  There  is  no  evidence 
of  the  formation  of  any  other  hydrate  than  the  one  usually 
regarded  as  containing  six  molecules  of  water.  On  account 
df  the  difficulty  of  exactly  measuring  such  low  temperatures  as 
are  here  concerned  at  the  maximum,  I  have  less  confidence  in 
the  exactness  of  the  form  of  the  tracing  of  this  salt  than  of  any 
other. 

§  131.  Separation  of  Ice  from  a  solution  of  Hydrocliloric 
Acid. — Although  I  have  made  a  separate  study  of  the  hydrogen 
salts  of  several  of  the  acids,  I  may  here  adduce  one  instance, 
namely  that  of  hydrochloric  acid,  in  order  especially  to  com- 
pare the  forms  of  the  temperature-curve  of  a  body  which  is,  as 
far  as  we  know,  without  a  cryohydrate  *,  with  the  curve-forms 
of  metallic  salts,  all  of  which  have  cryohydrates  within  the 
range  of  artificial  cold. 

By  a  silver  determination  I  found  that  3*2726  grms.  of  a 
pure  acid  contained  1  grm.  of  HCl  and  2*7734  grms.  of  water. 
From  this  acids  of  unit  percentage  weights  were  formed. 

Table  XX. 


HCl 

H^O 

Greatest 

per  cent,  by 

per  cent,  by 

cold  as 

weight. 

weight. 

cryogen. 

1 

99 

o 

2 

98 

3 

97 

-2  0 

4 

96 

5 

95 

-2-6 

6 

94 

7 

93 

-40 

8 

92 

9 

91 

-4-6 

10 

90 

-49 

12 

88 

-6-2 

14 

86 

-7-Q 

16 

84 

-80 

Temperature 
at  which  soli- 
dification 


■  07 

■  2  0 

-  3-6 

-  5-3 

-  70 

-  90 
115 

-14  0 
-170 
-20-5 
-270 
-350 
-450 


Nature  of 
solid. 


Ice. 


The  tracing  of  these  values  is  sho\\Ti  on  fig.  1,  and  may 
be  compared  with  that  of  spirit  of  wine  derived  from  the 
numbers  given  in  §  96,  Table  XI.  In  neither  tracing  is  there 
any  decided  indication  of  contrariflexure,  although  the  spirit- 

•  A  cryohydrate  of  HCl  has  recently  been  described  by  a  French 
chemist. 
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of-wine  tracinor  passes  through  its  cryohydrate.  In  the  centre 
column  of  Table  XX.  is  given  the  gn'atest  cold  when  usetl 
as  crvogens  that  these  acids  can  produce.  The  acid  was  in  all 
cases  at  12°  C.  The  great  specific  heat  of  the  water  in  which 
the  HCl  is  dissolved  prevents,  of  course,  the  attainment  of  the 
degree  of  cold  equal  to  that  necessary  to  solidify  a  cryohydrate, 
as  is  the  case  with  those  true  salts  which  do  not  heat  on  hy- 
dration. 

§  Vd2.  Separation  of  Ice  or  Anhydrous  Bromide  of  Potas- 
sium from  solutions  of  that  salt. 

Table  XXI. 


1         KEr 

per  cent,  by 
weight. 

HgO 

per  cent,  by 
weight. 

Temperature 
Centigrade  at 
which  solidifi- 
cation begins. 

Nature  of  solid 
formed. 

10 

90 

o 
-  3 

Ice. 

20 

80 

-   71 

30 

70 

-120 

3215 
33 

67-9 
67 

-13  0 

-   9-8 

Cryohydrate. 
KBr. 

34 

66 

-  5  0 

,, 

35  03 

65 

0 

(Kr.)  397 
(Kr.)  43-2 

603 
56-8 

+20 
+40 

The  solubility  at  0°  was  found  from  an  experiment  in  which 
ll*2i)39  grms.  of  solution  gave  3"9566  grms.  of  KBr.  As 
Kremers  found  34'5, 1  have  adapted  his  determinations  at  +  20° 
and  +  40°  by  adding  0*5  to  the  numbers  he  gives. 

§  133.  Separation  of  Ice  and  Anhydrotis  Iodide  of  Potas- 
sium, from  solutions  of  that  salt. 


Table 

XXII. 

KI 

per  cent,  by 
weight. 

Temperature 

i 

per  cent,  by 
weight. 

Centigrade  at 
which  solidifi- 
cation begins. 

Nature  of 
solid  formed. 

10 

90 

0 

-  2  2 

Ice. 

20 

80 

-  51 

30 

70 

-  90 

40 

60 

-14  4 

5207 

47-93 

-22 

Crvohydrate. 

55-93 

4407 

0 

KI. 

(Kr.)  58-9 

411 

+  20 

J, 

(Kr.)61-4 

38-6 

+40 

)) 

Having  found  that  10-3681  grms.  of  the  solution  saturated 
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at  0°  C.  contained  5'7990  of  KI,  or  55*93  per  cent.,  and  since 
Kremers  found  55"86,  I  have  adapted  his  determination  for 
the  20°  and  40°  temperatures  by  adding  0*1  per  cent,  to  his 
results.  The  ascent  of  the  tracing  (fig.  1)  between  the  cryo- 
hydrate  and  0°  is  too  abrupt  for  the  insertion  of  any  interme- 
diate vahie  which  shall  be  trustworthy. 

§  134.  Separation  of  Ice  and  Anhydrous  Sulphate  of  Ammo- 
nium from  solutions  of  that  salt. — The  salt  was  dried  at  about 
100°  C,  finely  powdered,  kept  at  100°  C.  for  ten  hours,  and 
kept  for  three  days  and  nights  in  an  exhausted  receiver  over 
sulphuric  acid. 

Table  XXIII. 


(NH,),SO, 

per  cent,  by 

weight. 

per  cent,  by 
weight. 

Temperature 
Centigrade  at 
which  solidifi- 
cation begins. 

Nature  of 
solid  formed,  i 

i 

10 

.90 

0 

-   2-6 

Ice. 

20 

80 

-   60 

28-6 

714 

-10-8 

40 

60 

-160 

1 

417 

583 

-170 

Crvohydrate.  1 

419 

581 

00 

(NHJ.SO^. 

(H.S.)  43-2 

56-8 

+  190 

I  have  for  the  temperature  19°  adopted  H.  Schift"s  deter- 
mination. Of  all  the  salts  which  I  have  examined,  the  sul- 
phate of  ammonium  shows  in  its  tracing  the  greatest  precipi- 
tousness  in  its  ascent  from  the  cryohydrate  to  the  0°  C.  ratio. 
It  is  in  this  region  undoubtedly  very  nearly  a  straight  line. 
The  solubility  at  0°  C.  was  found  from  the  data,  13*2512  of 
the  solution  gave  5*5522  of  the  salt  obtained  anhydrous  by  the 
means  mentioned  above. 

§  135.  Separation  of  Ice  or  Nitrate  of  Ammonium  fvmn  solu- 
tions of  that  salt. — The  nitrate  of  ammonium  used  was  dried  at 
100°  C,  finely  crushed,  and  heated  to  incipient  fusion  ;  it 
ceased  to  lose  weight  but  showed  no  trace  of  the  nitrite.  In 
the  determination  of  the  solubility  at  0°  C.  it  was  treated  in 
the  same  manner. 
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Table  XXIV. 


NH.NO, 

per  cent,  by 

per  cent,  by 

Temperature 
Centigrade  at 
which  solidifi- 

Nature of 
solid  formed. 

weight. 

weight. 

cation  begins. 

lU 

90 

o 
-  3-5 

Ice. 

20 

80 

-   7  0 

,, 

30 

70 

-U-5 

ij 

40 

60 

-170 

u 

437 

56-3 

-17-2 

Cryohydnite. 

47 

53 

-12  0 

NH,  NO3. 

51 

49 

-  5-7 

IJ 

541 

45-9 

00 

19 

(Kar.)  66-5 

43-5 

+  1H-1 

>t 

The  solubility  at  18°'l  is  the  obsen'^ation  of  Karsten.  The 
shape  of  the  tracing  of  this  salt  bears  a  remarkable  resemblance 
to  that  of  nitrate  of  potassium  (see  fig.  1).  The  gradual 
slope  of  its  right-hand  branch  enabled  me  to  insert  two  deter- 
minations there.  Also  noteworthy  is  the  comparison  between 
the  tracing  of  this  salt  and  that  of  the  sulphate  of  the  same 
base.  Running  together  with  near  coincidence  down  to  their 
cryohydrates,  which  are  nearly  identical  in  temperature  and 
not  far  apart  in  percentage  of  salt,  the  one  rises  more  abruptly 
than  any  other  curve  ;  the  other  is,  Avith  one  exception,  the 
most  gradual. 

§  136.  Separation  of  Ice  and  Hydrated  Sulphate  of  Magne- 
sium from  the  solutions  of  that  salt. — The  analysis  of  crystallized 
sulphate  of  magnesium  in  regard  to  its  water  by  direct  estima- 
tion is  rather  unsafe,  on  account  of  the  high  temperature  re- 
quired to  drive  off  the  last  traces  of  water,  and  the  decomposi- 
tion of  the  salt  at  a  somewhat  higher  temperature.  I  there- 
fore determined  the  sulphuric  acid  in  a  sample  of  the  sulphate 
I  was  about  to  use,  and  found  that  it  was  nearly  the  so-called 
hepthydrate.  The  determination  of  the  solubility  at  0°  C.  was 
also  derived  from  a  sulphuric-acid  determination.  Taking 
every  1'96  grm.  of  the  crystallized  salt  as  containing  1  grm. 
of  MgS04,  ttie  following  solutions  were  examined  : — ' 
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Table  XXV. 


MgSO, 

per  cent,  by 

weight. 

H,0 

per  cent,  by 
weight. 

Temperature 

T  at  which 

solidification 

Nature  of 
solid  foriued. 

begins. 

5 

95 

o 
-  0-6 

Ice. 

10 

90 

-    15 

15 

85 

-  30 

20 

80 

-  4-8 

21-86 

7814 

-   50 

Cryohydrate. 

21-9 

78-1 

(CO 

MgSO.  +  ZHjO. 

25 

75 

+  150 

30 

,70 

+310 

)> 

As  my  determiuution  of  the  solubility  at  0°  C.  (21'9)  differs 
considerably  from  some  of  thase  given  bv  others  (Gray-Lussac 
20-5,  Graham-Otto  20-5,  Pfaff  21-9),  I  determined  for  myself 
the  solubilities  above  0°. 

§  137.  Sej^aration  of  Ice  or  Cryohydrate  or  Anhydrous  Ni- 
trate of  Silcer  from  a  solution  of  that  salt. — I  have  not  yet  de- 
scribed the  temperature  and  composition  of  the  cryohydrate 
of  this  salt.  A  solution  saturated  at  0°  C.  and  further  cooled 
gives  rise  to  an  abundant  crop  of  iridescent  scales,  which  on 
examination  prove  to  be  the  anhydrous  nitrate.  This  continues 
till  — 6"*5,  when  the  opaque  cryohydrate  is  formed.  The  solu- 
tion, however,  is  particularly  prone  to  double  supersaturation. 
A  solution  may  sometimes  be  cooled  to  —  8°  ;  and  during  this, 
w'hile  the  crystals  of  the  nitrate  fall,  ice-crystals  are  formed 
which  float.  By  and  by  the  true  cryohydrate  is  formed  on  the 
side  of  the  glass  ;  and  then  both  separate  crystallizations  cease. 
This  double  supersaturation  is  entirely  prevented  by  introdu- 
cing a  fragment  of  the  previously  formed  cryohydrate  into  the 
mother-liquor  which  is  being  further  cooled.  The  temperature 
remains  then  constant  at  — 6°*6  to  the  last  drop.  The  final 
crop  being  remelted  gave,  on  analysis,  the  following  results  : — 
14*3538  grms.  gave  (3-9442  grms.  of  AgNOo,  or  48-38  per  cent, 
of  AgNOs  in  the  cryohydrate.  The  cryohydrate  has  accordingly 
the  composition  AgNOs  +  10'09  Hg  0.  The  temperature  —  ii°'o 
is  obtained  on  employing  nitrate  of  silver  as  a  cryogen.  There 
are  few  more  beautiful  colourless  bodies  than  the  cryohydrate 
of  silver.  Opaque,  lustrous,  and  semimetallic,  it  is  somewhat 
heavier  than  the  liquid  in  which  it  is  formed. 

Of  a  solution  saturated  at  0°  I  found  that  6"3581  grms.  gave 
3*5068  of  the  anhydrous  nitrate,  or  55*01  per  cent.  Kremers 
found  54*9  ;  and  accordingly  I  have  availed  myself  of  his  deter- 
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niinations  for  the  solubilities  above  0°  C.  by  adding  0*1  to  his 
percentages. 

Tablk  XXVI. 


AgNO, 

per  cent,  by 

weight. 

per  cent,  by 
weight. 

Temiierature 
at  which  soli- 
dification 

begins. 

Nature  of 
solid  formed. 

10 

90 

o 
-   08 

Ice. 

20 

80 

-  27 

30 

70 

-  47 

40 

60 

-   fiO 

,1 

48-3 

50 

53 

517 

50 

47 

-  6-5 

-  5-5 

-  2  2 

Crvohydrate. 
Ag^03. 

55 

45 

00 

(Kr.)  69-4 

304 

+  19-5 

§  138.  Thoughts  suggested  by  fig.  1. — As  the  whole  field 
of  inquiry  contained  beloAV  the  zero-line  of  fig.  1  has,  I  be- 
lieve, renviined  hitherto  unexplored,  I  am  tempted  to  submit 
a  few  remarks  upon  it.  First,  of  course,  the  tracings  should 
be  continuous  curves  between  0°  and  the  cryohydrates,  and 
again  between  the  latter  and  the  boiling-point  of  the  saturated 
solutions,  and  doubtless,  under  pressure,  beyond.  Further,  it 
seems  that  the  curves  are  all  varieties  of  the  same  kind.  The 
figure  2  shows  Avhat  we  may  liken  to  the  backbone  of  the 
curve,  with  a  typical  curve  about  it.  There  is  no  absolute 
measure  of  what  may  be  called  the  Fig.  2. 

eccentricity  of  the  curve,  because 
there  is  no  common  measure  be- 
tween percentage  composition  and 
temperature  ;  both  are  measured  in 
arbitrary  units.  But  this  does  not 
afl^ect  the  type  or  order  of  the  curve's 
equation.  On  the  left-hand  branches 
there  appears  to  be  a  point  of  con- 
trariflexure.  The  only  apparent 
exceptions  to  this  are  KI,  alcohol, 
and  HCl.  Concerning  the  two  lat- 
ter, doubtless  we  only  see  a  fragment  of  their  curves  before 
their  final  cryohydrates.  If  there  be  such  a  point  with  KI  it 
must  lie  between  40  per  cent,  and  the  cryohydrate,  which  is 
well  possible.  There  seems  to  be  a  point  of  contrariflexure 
also  on  the  right-hand  branch,  though  sometimes  the  curvature 
is  so  small  that  this  point  is  practically  obliterated.  Tlie  ave- 
rage slope  of  descent  to  the  cryohydrate  is  invariably  less  than 
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the  slope  of  ascent  thence  to  zero.  Indeed  every  tangent  to 
the  left-hand  branch  of  each  curve  makes  a  more  acute  angle 
with  the  zero  axis  than  any  tangent  to  the  right-hand  branch 
of  the  same  curve.  If  this  be  true  throughout,  the  unknown 
right-hand  branch  of  the  HCl  curve  must  be  very  nearly  at 
right  angles  to  the  axis  of  0°  C.  There  is  no  evidence  to  show 
that  the  right-hand  branch  is  continuous  with  the  left-hand. 
In  the  case  of  the  halogen  salts  this  almost  appears  to  be  di- 
stinctly shown  not  to  be  the  case.  If  the  branches  be  conti- 
nuous, it  appears  that  the  colder  the  cryohydrate  the  less  the 
curvature  there.  If  the  branches  be  discontinuous,  the  colder 
the  cryohydrate  the  more  acute  is  the  angle  between  the  tan- 
gents at  the  intersection  of  the  curves.  This  rule  holds  good 
in  all  cases  ;  but  between  NaCl  and  KI  there  is  considerable 
difference  of  sharpness  at  the  cryohydrate,  attending  identity  of 
temperature.  It  is  not  the  case  that  the  deeper  the  valley  the 
more  precipitous  the  ascent,  travelling  from  left  to  right ;  nor 
is  it  true  that  the  deepest  valley  has  the  widest  mouth.  That 
is,  salts  the  most  soluble  at  0°  do  not  have  the  coldest  cryohy- 
drates,  and  therefore  do  not  form  the  most  powerful  cryogens. 

In  the  shape  of  the  bottoms  of  the  valleys  (that  is,  the  cur- 
vature about  the  cryohydrates)  the  curves  of  the  oxygen  salts 
show  a  likeness  to  one  another  as  distinguished  from  the  halo- 
gen salts.  Considering  the  former  by  themselves,  we  might 
be  inclined  to  view  their  two  branches  as  being  in  all  cases 
continuous.  To  settle  the  question  decisively  whether  these 
curves  are  continuous,  hundredths  of  degrees  would  have  to 
be  read  with  precision,  and  the  initial  formation  of  ice  noted 
within  that  range.  If  we  judge  by  the  aspect  of  the  halogen 
curves  and  the  general  continuity  in  properties  between  the 
halogen  and  the  oxygen  salts,  I  am  inclined  to  consider  the 
two  branches  discontinuous  in  all  cases. 

The  tracings  assume,  of  course,  somewhat  different  positions 
if  they  are  referred  to  molecular  ratio  instead  of  to  absolute- 
weight  ratio.  Without  determining  each  tracing  for  all  its 
intermediate  values,  we  may  join  by  straight  lines  the  points 
representing  the  molecular  solubility  at  0°  with  the  molecular 
value  of  the  cryohydrate.  While  each  of  these  lines  is,  of 
course,  parallel  to  the  corresponding  line  derived  from  fig.  1, 
being  got  by  determining  its  extremities  by  division  of  the 
percentage  by  the  molecular  weight,  such  division  necessarily 
brings  those  lines  relatively  further  towards  the  left  whose 
salts  have  heavy  molecules.  The  extreme  points  of  the  lines 
are  got  by  dividing  the  percentage  values  of  fig.  1  by  the 
molecular  weights  and  multiplying  by  100.  I  know  no  pro- 
perty of  the  salts  here  under  examination  which  would  have 
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onaLknl  us  to  prodict  tlio  position  and  inclination  of  tlicso  lines. 
Neither  are  tli(>  water-worths  of  the  salts  as  ervohydrates  nor 
tlieir  solubilities  in  water  at  0°  C  in  any  obvious  accord  with 
their  known  properties. 

[To  bo  continued.] 

XLIV.    On  the  Proof  of  the  Second  Laio  of  Thermodynamics. 
By  11.  C.  Nichols  *. 

IN  the  last  January  Number  of  the  PhilosopLical  Magazine 
aj^peared  two  papers  intended  to  demonstrate  what  is 
called  the  second  law  of  thermodynamics,  or  the  principle  of 
Carnot  and  Clausius,  by  showing  that  the  ditferential  of  the 
quantity  of  heat  communicated  to  a  gas,  and  thereby  causing 
work  to  be  done,  divided  by  the  temperature,  is  an  exact  dif- 
ferential. The  paper  of  Mr.  Burl)ury  proceeds  upon  the  Ijasis 
of  the  theory  of  Boltzmann,  and  demonstrates  that  this  conclu- 
sion can  be  deduced  from  Boltzmann's  results  by  a  simpler  ])ro- 
cess  than  that  made  use  of  by  M.  Boltzmann  himself.  That 
of  M.  Szily  proposes  to  establish  the  same  conclusion  upon  no 
other  assumption  than  the  fundamental  principle  of  the  con- 
servation of  energy. 

To  M.  Szily's  argument  I  have  to  offer  the  following  objec- 
tion. He  says  (p.  20)  : — "  In  a  definite  passage  out  of  {^aVo) 
into  (fi>ji)  the  quantity  of  energy  is  a  certain  function  of  the 
time.  The  passage,  however,  from  the  same  initial  to  the  same 
final  state,  by  the  same  path,  can,  with  respect  to  time,  be 
executed  quite  arbitrarily  ;  consequently  8e  is  a  different  func- 
tion of  the  time,  according  to  the  velocity  of  the  importation 
of  energy.  By  suitably  selecting  this  velocity,  any^  indefi- 
nitely small  value  whatever  may  be  assigned  to  I   Bedt.     Let 

I/O 


J. 


Sedt=tBQ:' 


Upon  this  I  have  to  remark  that  8e  is  in  this  sense  a  different 
function  of  the  time  according  to  the  velocity  of  the  importa- 
tion of  energy — that  it  is  a  function,  not  of  the  absolute  time, 
but  of  the  proportion  of  the  whole  time  which  has  elapsed  ;  so 

that  1   Sedt  or  Set  is   a  quantity  which  varies  as  t.     On  the 

other  hand,  SQ  being,  as  already  stated,  absolutely  ijidependent 
of  ^,^SQ  likewise  varies  as  t.  Unless  therefore  8Q  =  Se,  for  which 

*  Communicated  by  the  Author. 
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supposition  no  ground  whatever  has  been  alleged,  the  assump- 
tion that  I  C€dt  =  tSQ,   is   purely  arbitrary,  and  moreover  is 

untrue  for  any  value  of  t  unless  it  is  also  true  for  every  value 
of  ^. 

The  general  condition  under  which  the  proposition  is  true 
which  M.  Szily  has  sought  to  establish,  and  which  has  been 
proved  by  Mr.  Burbury  for  the  case  in  which  the  potential 
energy  of  the  system  has  the  special  value  deduced  from  the 
theory  of  M.  Boltzmann,  may  be  shown  in  the  following 
manner. 

Let  it  be  observed  that  the  addition  of  energy  dQ  is  ex- 
pended (1)  upon  alteration  of  kinetic  energy,  which  call  dT, 
(2)  upon  alteration  of  potential  energy  or  dJJ,  and  (3)  upon 
work  done  or  rfX  ;  and  dQ  must  be  equal  to  the  sum  of  these 
quantities,  or 

dQ=dT  +  dJ]  +  dX (1) 

Now  if  V  be  the  volume  of  the  gas  and  p  its  elastic  force,  or 
the  force  resisting  expansion  per  unit  of  surface,  dv  the  change 
of  volume, 

dX=pdv (2) 

And  by  the  equation  of  Clausius, 

^t;=§(T  +  2SGRr)), 

—pidv  +p2dv ; 

T 

where  2h—3~  is  the  element  of  the  elastic  force  resulting  from 

the  kinetic  energy  of  the  particles,  and  pa  =  3  SS  ( —  )   is  the 

element  resulting  from  the  internal  forces.  Now  supposing 
the  change  of  volume  from  v  to  t'  +  dv  were  to  take  place  in 
such  a  manner  that  the  distances  of  the  particles  should, 
on  the  average,  preserve  the  same  relative  amount,    every 

dr  resulting  from  the  change  of  volume  would  equal  ^r — , 

or  2hdv  would  be  equal  to  SS  (  R  y;  j  dv,  or  -j-  dv.    It  is  there- 

dJJ' 
fore  equal  to  -y—  dv,  where  U'  denotes  a  function  of  (v,T,) 

which  varies  as  the  potential  of  the  system  would  do  upon  this 
supposition.     Therefore 


And 
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pJ,  =  ^T-—^^ch- (3) 


and 


,dc     dJJ  ,      dW  ,    .  dV 

h  -7- dv -J—  dv+  -jffT 

V        dv  civ  «i 


rfQ=dT  +  §Tli^  +  '^dv-'^^  dv+  '^dT 


-^  =  d\ogT  +  2gdlogv+~^(-^--^)dv+--i^d\ogT.  (4) 

In  order  that  this  may  represent  a  complete  differential, 

m(-i '^/^^^  +  Tf  ^^ ^*^o  "^  must  be  a  complete  differential 

of  some  function  of  v  and  T.     Let  u  be  this  function,  then 
1  /d\J      dW\   J    .   1  dV  ,™     du  ■ ,    .  du  -.rn 
T\dv  -  Ih)  ^^"+  TZC '^^==^-^"+  dT'^^' 


du  _  1  /dJJ     dW\ 
dv~T\dv       dv )' 


and 


du  _1  dJJ  ^ 
dT  ~T  dT' 
and  as 

d  du  _  d  du 
dTdh~Jvd^' 

1/^^_^^'\J.  /(ZU  __  (IU^\  _lld  dV 
T\dT  dv      dT  dv  J     t\  dv        dv  /"T  dv   dT  ' 
1  /dJ]      dW\  _      d  dW  ...^ 

•'•  T\dv        dv)  ~      dT  dv' ^^ 

which  is  the  condition  necessary  to  make  -ffr  a  complete  dif- 
ferential. 
Then 

l^  =dhgT  +  ^d\ogv-^'^dv+'^dhgT     (6) 

=d{\ogT  +  ^\ogv  +  u) (7) 

If,  however,  such  a  relation  should  exist  between  the  volume 

*  The  original  determination  of  this  necessary  condition  of  any  system 
to  which  the  second  law  will  apply  is  due  to  JMi-.  S.  H.  Burbury.     In  the 

notation  of  M.  Boltzmann  ^  is  represented  by  ^-,  and  -7-  by  ^j^. 
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and  temperature  that  v  may  be  expressed  as/(T),  -„v  must  in 

any  case  be  a  comi)lete  ditierential.  This  hitter  rehition  is 
assumed  by  M.  Szily  when  lie  puts  7}—f{^)  or  f(^),  taking 
for  grantetl  that  the  path  ol"  the  state  nmst  be  capable  of  expres- 
sion by  some  such  equation.  In  a  paper  "  On  the  Moving 
Force  of  Heat,"  printed  in  the  Philosophical  Magazine  in  1851 
([IV.]  vol.  ii.  p.  1),  M.  Clausius  pointed  out  that  under  such 
circumstances  dQ  also  is  a  complete  diflferential. 

The  hypothesis  of  Boltzmann  gives  -j ,—  =  —  T-^s  — p, 

but  is  not  necessarily  the  only  hypothesis  which  will  satisfy 
this  condition  and  make  ^  a  complete  differential  indepen- 
dently of  any  constant  relation  between  v  and  T. 

The  equations  above  obtained  require  some  modification  to 
meet  the  case  of  a  gas  supposed  to  consist  of  molecules  the 
elements  of  which  possess  internal  energy. 

There  are  two  ways  of  applying  the  formula  of  Clausius 
(which  in  any  case  holds  good)  to  such  a  gas.  (1)  We  may 
consider  T  to  represent  the  kinetic  energy  of  the  molecules 
only,  and  SS(^Ilr)  the  virials  of  the  intermolecular  forces 
only.  T  then  corresponds  to  temperature,  and  we  may,  in  the 
application  of  this  formula,  disregard  the  internal  motions  and 
forces  of  the  elements  of  the  molecules. 

Or  (2)  we  may  regard  T  as  the  total  energy,  and  S^(i  Rr) 
as  the  sum  of  the  virials  of  all  forces  whatever.  But  then  T 
ceases  to  correspond  in  the  same  manner  to  temperature,  and 
that  part  of  T  which  represents  the  internal  energy  of  the  mo- 
lecules is  equal  to  that  part  of  S!S(-f  R?')  which  represents 
the  virials  of  the  internal  forces  taken  negatively. 

These  latter  do  not  vary  with  the  change  of  v,  or  affect 

d\J     ^             .,Ti  +  T2                 dW     ,%        . 
-V-.     Here  jh  =  3 ;    2^2= j 3  —)  ^^^^ 

where  Ti  is  the  kinetic  energy  of  the  molecules,  and  T2  their 

fZU' 
internal  energy,  and  -y-  dv  is  the  hypothetical  change  of  po- 
tential of  the  intermolecular  forces  only — the  same  result  as 
Ave  should  have  obtained  by  neglecting  altogether  the  effect 
of  the  latter  portion  of  T,  and  also  the  internal  forces  of  the 
molecules. 
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Now  it  has  been  shoAvn  by  Boltzintinn  that  if,  in  such  a  gas, 
the  number  of  variables  in  each  molecule  be  n,  the  total  energy 
T  is  to  the  energy  of  translation  Ti  as  n  to  3,  or 


rp  3T 


We  have  therefore 


pdv= r-diU ('') 

^  n    V        civ  ^ 

and 

f=.nogT+f^.nog.-^'i^.z,.+  '^^.nogT.  .  (lo) 

Or,  observing  that  T^  and  not  T  is  here  the  measure  of  tempe- 
rature, we  may  write 

f  =  l<nogT.+i,nog.-^§'*+  §^<nog t.,  (U) 

the  condition  necessary  to  make  -^  or  -^  an  exact  differen- 
•^  T       f/Ti 

tial  remaining  the  same  as  in  the  case  first  examined,  as  ex- 

dW 
pressed  in  equation  (5),  except  that  — r—  dv  is  not  the  varia- 
tion of  the  total  potential  upon  the  hj'pothesis  of  uniform  ex- 
pansion at  any  instant,  but  only  such  variation  of  the  potential 
of  the  forces  between  the  molecules. 


XLV.  On  some  Prohlems  connected  ivith  the  Floio  of  Electricity 
in  a  Plane.     By  Oliver  J.  Lodge,  B.Sc.^ 

THE  following  paper  may  be  regarded  as  a  sort  of  appendix 
to  a  paper  by  Professor  G.  G.  Foster  and  myself,  entitled 
'^  On  the  Flow  of  Electricity  in  a  uniform  plane  Conducting 
Surface,"  and  published  in  the  Philosophical  Magazine  for  May, 
June,  and  December  1875  ([IV.]  vol.  xlix.  pp.  385-400  and 
453-471,  and  vol.  1.  pp.  475-489),  in  which  the  known  laws 
of  the  flow  of  electricity  in  an  unlimited  plane  were  deduced 
from  the  fundamental  idea  that  the  effects  of  any  number  of 
poles  could  be  obtained  by  simple  summation  of  the  effects  due 
to  each  pole  separately,  without  using  any  mathematics  higher 
than  elementary  algebra.  Several  questions  arose  in  the  course 
of  the  paper  which  it  Avas  not  thought  advisable  to  consider 
then,  but  some  of  which  seemed^o  deserve  a  separate  treat- 

*  Read  before  the  Physical  Society  on  the  26th  of  February  and  the 
25th  of  March,  1876.     Communicated  by  the  Society. 
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ment ;  these  arc  the  subjects  I  propose  to  develop  in  the  pre- 
sent communication. 

§  1.  Imagine  a  plane  sheet,  some  portions  having  infinite 
conducting-power,  other  portions  consisting  of  ordinary  matter, 
and  again  other  portions  possessing  infinite  resisting-po-\ver. 
The  "whole  extent  of  any  of  the  infinitely  conducting  regions 
■will  have  a  uniform  potential ;  and  hence  the  bounding  line 
between  any  such  region  and  the  ordinary  matter  of  the  sheet 
must  be  an  equipotential  line.  Further,  if  one  defines  a  line 
of  flow  or  stream-line  as  a  line  across  which  no  electricity  passes, 
the  boundary  line  between  the  ordinary  matter  of  the  sheet  and 
an  infinitely  resisting  region  must  be  a  line  of  flow,  for  no  elec- 
tricity can  possibly  get  across  it.  Such  a  sheet  will  therefore 
contain  a  certain  number  of  flow-lines  and  a  certain  number  of 
equipotential  lines.  Moreover  let  the  potential  of  any  one  of  the 
conducting  regions  be  maintained  higher  than  that  of  some 
other  one,  then  in  general  a  unifonn  flow  of  electricity  will 
take  place  throughout  the  w^hole  of  the  ordinary  matter  of  the 
sheet,  which  will  therefore  contain  additional  stream-lines  and 
equipotential  lines,  whose  arrangement  will  depend  on  the  situa- 
tions and  potentials  of  the  various  non-material  regions. 

Some  general  properties  of  the  equipotential  and  stream- 
lines were  pointed  out  in  §  35  of  the  paper  referred  to.  One 
of  these  properties  is,  of  course,  that  the  lines  of  one  system  cut 
the  lines  of  the  other  orthogonally  ;  a  more  general  statement 
is  the  following.  If  a  flow-line  passes  n  times  through  a  given 
point  of  the  sheet,  it  will  form  at  that  point  an  equiangular 

pencil  whose  2n  rays  meet  each  other  at  an  angle  — ';  and  if  no 

pole  exists  at  the  meeting-point  it  will  be  a  point  of  no  flow, 
and  an  equipotential  line  will  also  pass  n  times  through  the  same 
point,  making  an  equiangular  pencil  the  same  in  all  respects  as 

TT 

the  former,  but  turned  through  an  angle  of  ^— ,  so  that  its  rays 

bisect  the  angles  of  the  first  pencil.  The  ordinary  orthogonal 
section  is  the  special  case  of  this  when?i  =  l.  The  special  case 
n=co  is  obtained  if,  in  the  sheet  imagined  above,  one  of  the 
conductino-  regions  touches  one  of  the  resistino-  regions  alons; 
a  line  ;  when  this  happens,  the  line  separating  the  two  may  be 
regarded  indifferently  as  a  stream-line  or  as  an  equipotential 
line. 

There  are  then  two  ways  of  making  any  given  line  a  stream- 
line— viz.  either  by  arranging  the  non-conducting  regions  so 
that  the  line  shall  bound  one  of  them,  or  else  by  arranging  the 
conducting  regions  and  their  potentials  in  such  a  way  that 
none  of  the  flow  of  electricity  shall  take  place  across  any  por- 
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tion  of  the  given  line.  Similarly  any  line  may  be  made  an 
equipotential  line,  either  by  making  it  bound  a  re^rion  of  infi- 
nite conductivity,  or  else  by  adjusting  the  potentials  and  posi- 
tions of  these  same  regions  so  that  no  part  of  the  flow  shall  take 
place  alo7i(/  the  given  line. 

Such  a  sheet  as  we  have  imagined  can  be  approximated  to 
by  a  piece  of  tinfoil  cut  to  any  shape,  with  any  number  of  holes 
in  it,  and  having  on  its  surface  blocks  of  clean  copper  which 
are  connected  with  a  thermo-pile  or  other  means  of  maintaining 
constant  diflerence  of  potential. 

§  2.  The  conditions  of  flow,  in  such  a  sheet,  however,  are  in 
general  unknown.  But  if  infinitely  resisting  regions  are  absent, 
and  if  the  infinitely  conducting  regions  are  reduced  to  mere 
points  of  infinite  potential,  we  get  the  case  of  an  unlimited 
sheet  containing  point  poles  ;  and  in  this  all  the  conditions  of 
the  flow  are  completely  known  for  every  point  of  the  sheet. 
Thus  the  potential  at  any  point  distant  Vi,  r2 . . .  from  the  poles 
which  emit  quantities  of  electricity  gi,  (j^...  in  unit  time,  and 
which  tend  to  produce  potentials  ^i,  02  •  •  •  ^f  "^^^^  distance 
from  themselves,  is  (§  33  of  the  former  paper) 

where  8  is  the  thickness  and  k  the  specific  conductivity  of  the 
sheet ;  and  from  this  expression  stream-line  equations  and 
resistance  expressions  follow. 

So,  then,  the  problem  of  finding  the  flow  conditions  in  any 
bounded  sheet  containing  point  poles  Avill  be  solved  if  we  can 
imitate  the  electrical  boundary  conditions  in  an  unlimited  sheet 
by  introducing  extra  point  poles  into  it.  These  additional  poles 
are  called  images  in  the  boundary,  because  they  produce  the 
same  effect  in  the  given  portion  of  the  sheet  as  the  boundaries 
themselves  produced — just  as  the  illumination  inside  a  mirror- 
walled  room  containing  candles  would  be  imitated  in  imlimited 
space  by  placing  extra  candles  at  all  the  points  occupied  by 
the  images  of  the  original  candles  in  the  mirrors. 

Images  in  rectilinear  boundaries. 
§  3.  Now  let  it  be  required  to  cause  a  given  straicjld  line  in 
an  infinite  sheet  of  tinfoil  to  be  a  stream-line.  All  that  is  ne- 
cessary is  to  aiTange  all  the  blocks  of  copper  in  the  sheet  s}Tn- 
metrically  with  respect  to  this  line  ;  that  is  to  say,  they  must 
either  be  placed  s^inmetrically  upon  the  line,  or  they  must 
be  placed  in  pairs  one  on  each  side  of  it  and  at  equal  distances 
from  it.  It  is  usual  to  express  this  fact  in  the  inverse  way 
thus  ; — The  image  of  a  pole  in  a  straight  flow-line  is  a  pole  of 
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the  same  size,  shape,  and  strength,  and  situated  at  an  equal 
distance  on  the  other  side  of  the  line  so  as  to  he  opposite  to  the 
first  pole. 

Again,  in  order  to  make  a  given  straight  line  into  an  equi- 
potential  line,  the  blocks  must  be  arranged  skew-symmetrically 
with  respect  to  the  line — that  is  to  say,  in  pairs  one  on  each 
side  of  it  and  at  equal  distances  from  it,  but  the  sign  of  one  of 
the  constituents  of  each  pair  must  be  opposite  to  that  of  the 
other.  This  fact  is  expressed  thus  : — The  image  of  a  pole  in  a 
straight  equipotential  line  is  a  pole  of  the  same  size,  shape,  and 
iimnerical  strength,  but  of  opposite  sign,  and  situated  at  an 
equal  distance  on  the  other  side  of  the  line. 

Hence,  if  we  have  given  a  sheet  of  tinfoil  bounded  by  a 
straight  edge  (/.  e.  by  a  straight  flow-line)  and  Avith  any  distri- 
bution of  poles  in  it  whatever,  and  Ave  wish  to  find  the  distri- 
bution of  poles  Avhich  would  make  that  straight  line  a  flow- 
line  in  the  unlimited  sheet,  we  have  only  to  regard  the  line  as 
a  plane  mirror  Avhose  silvered  face  is  turned  towards  the  sheet, 
and  the  optical  images  of  the  scA^eral  poles  will  giA^e  the  distri- 
bution required.  The  distribution  of  poles  Avill  be  obtained  in 
the  same  Avay  if  the  boundary  is  a  straight  band  of  copper  (?'.  e. 
an  equipotential  line)  ;  but  in  this  case  the  sign  of  CA^ery  image 
must  be  rcA'ersed. 

§  4.  Now  take  a  sheet  bounded  by  tAVO  straight  floAA^-lines 
intersecting  one  another  at  any  angle  6  :  every  pole  in  such  a 
sheet  Avill  be  reflected  baclovards  and  forAvards  betAA^een  the 
two  edges  according  to  optical  laAvs  ;  and  hence  it  should  have 
a  finite  series  of  images  lying  on  a  circle  and  agreeing  Avith 
those  in  the  kaleidoscope,  the  reflection  coming  to  an  end  as 
soon  as  a  couple  of  images  fall  in  the  space  Avhich  is  behind 
both  mirrors.  But  here  arises  a  difficulty.  When  ^  is  a  sub- 
multiple  of  IT,  the  last  couple  of  images  coincide  and  the  AA^hole 
set  is  symmetrical  Avith  respect  to  both  the  straight  lines,  as  is 
required.  But  if  6  is  not  a  submultiple  of  vr,  all  that  happens 
in  the  case  of  the  kaleidoscope  is  that  the  last  tAvo  images  sepa- 
rate, the  apparent  number  of  images  being  simply  increased 
by  1.  But  now  the  images  are  not  arranged  symmetrically 
Avith  respect  to  hoth  the  straight  lines,  and  hence  they  cannot 
both  be  floAv-lines.  In  order  to  obtain  symmetry,  it  is  neces- 
sary to  continue  the  reflecting  process  as  if  the  back  of  the 
mirrors  Avere  sih'ered  as  Avell  as  the  front  ;  and  in  that  case,  of 
course,  the  number  of  images  becomes  infinite.  But  then  some 
of  these  infinite  images  aa^II  fall  inside  the  angle  6  (that  is,  Avill 
come  into  the  sheet  itself),  AA'hich  Avill  be  inconsistent  Avith  the 
giA'cn  distribution  of  poles  in  the  sheet.  Hence  it  appears  to 
be  impossible  for  the  uniform  infinite  sheet  to  contain  tAvo 
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.'ifrai^lit  flow-linos  which  ondoso  any  angle  but  a  snltmulflplc 
of  TT,  unless  the  poles  are  ])ut  iniinitely  close  togetlu^r,  i'orniino; 
a  complete  circular  ring  whose  centre  is  at  the  intersection  of 
the  two  lines ;  and  in  this  case  everij  straight  line  drawn  in  tho 
sheet  from  this  centre  is  a  flow-line. 

Another  way  of  expressing  tho  facts  is  to  say  that  both  sides 
of  everij  flow-line  are  to  be  regarded  as  mirrors,  and  its  images 
as  always  infinite  in  number  though  often  coincident  with  ono 
another,  and  that  the  })roblem  of  reducing  the  bounded  case 
to  that  of  tho  infinite!  sheet  becomes  impossible  whenever  the 
images  reflected  back  into  the  sheet  itself  do  not  coincide  both 
in  sign  and  position  with  the  images  already  there.  Similar 
statements  are  true  of  the  images  in  a  pair  of  intersecting  equi- 
potential  lines. 

Another  distinction  between  optical  and  electrical  reflection 
is,  that  when  tAvo  optical  images  coincide  their  light-emittino- 
powers  are  added,  but,  in  the  electrical  case,  coincidence  of  one 
image  with  another  does  not  increase  its  strength.  These  dif- 
ferences appear  to  forbid  our  imagining  that  there  is  any  phy- 
sical meaning  in  electrical  reflection  at  boundaries  analogous 
to  the  physical  reflection  of  the  waves  of  light  in  a  mirror. 

§  5.  Consider  now  the  images  of  a  point  inside  a  polygon  of 
n  sides.  We  have  seen  that,  Avithout  silvering  both  faces  of  the 
boundaries  and  thereby  introducing  an  unconscionable  number 
of  images,  some  of  them  real,  we  can  only  treat  angles  that  are 
submultiples  of  ir  by  the  method  of  images.  Hence  obtuse  an oles 
less  than  tt  are  not  allowable.  ^Chis  condition  at  once  excludes  all 
polvgons  of  more  than  four  sides:  for  as  the  laro-est  interior  an<Tle 

^) y 

of  a  polygon  of  7i  sides  cannot  be  less  than tt,  and  as  it 

TT  n       ' 

must  be  less  than  or  equal  to  ^,  it  is  necessary  that  n  shall  be 

equal  to  or  less  than  4.  And  if  w  =  4,  the  polygon  must  be 
equiangular,  that  is,  must  be  a  rectangle.  If  ?i= 3,  the  tri- 
angles whose  angles  are  submultiples  of  tt  are  the  equianoular, 
the  isosceles  right  angled,  and  the  one  Avhose  angles  are  90°, 
60°,  and  30°.  The  pseudo-triangle  whose  angles  are  90°,  90°, 
and  0°  is  also  a  possible  case,  and  is  treated  below  as  a  special 
case  of  the  circular  sector. 

I  have  not  mentioned  the  case  Avhen  tt  itself  is  one  of  the 
angles  of  a  polygon,  because  this  merely  reduces  the  polygon 
to  one  of  n  — 1  sides  ;  but  there  is  the  case  of  the  equiangular 
polygon  with  all  its  angles  tt,  viz.  the  circle,  about  which  a 
little  shall  be  said  later. 

The  images  of  a  point  in  a  rectangle  occur  in  grou])s  of  four 
surrounding  the  vertices  of  rectangles  whose  linear  dimensions 
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are  twice  those  of  the  original  one,  and  which  cover  all  the 
plane. 

The  images  of  a  point  in  an  equilateral  triangle  occur  in 
groups  of  six  surrounding  the  vertices  of  triangles  \/3  times 
the  linear  dimensions  of  the  original  one,  and  covering  all  the 
plane. 

Ajyjylication  of  images  to  certain  cases  of  bounded  plates. 

§  6.  Now  although  the  potential  of  any  point  is  really  deter- 
mined by  (A),  §  2,  as  soon  as  we  know  the  positions  of  all  the 
images  in  the  sheet,  the  expression  is  not  in  a  practicable  form ; 
and  it  would  not  in  the  majority  of  cases  be  readily  possible  to 
bring  it  to  such  a  form.  The  way  to  proceed  in  such  cases  is 
to  consider  Avhat  is  required  of  the  potential,  and  then  to  write 
down  a  function  of  .v  +  iy, 

such  that  the  real  part  satisfies  all  the  conditions  required  of 
the  potential  function,  viz.  to  remain  together  with  its  deriva- 
tives continuous  and  finite  all  over  the  sheet  except  at  the  poles 
and  their  images,  where  it  is  to  become  infinite  like  q^ogr, 
to  fulfil  certain  given  conditions  at  the  boundary,  and  to 
satisfy  the  equation 

_^      fPV_ 

dx^  "^  %'~ 

This  being  done,  V=  const.  wiU  represent  the  equipotential 

lines,  and  U=  const,  the    stream-lines,  and  the  components 

ciY    dV 

-J—}  -J—  of  the  flow  at  any  point  can  be  obtained.     In  this  way 

Dr.  E.  Jochmann*  has  expressed  all  the  conditions  of  the  flow 
in  a  rectangle,  bounded  either  by  stream-lines  or  by  equipoten- 
tial lines,  or  by  both. 

§  7.  But  though  the  potential  expression  (A)  is  often  of 
impracticable  form,  the  expression  for  the  resistance  of  a  con- 
ductor, which  follows  from  it,  is  simpler,  and  admits  of  being 
reduced  to  a  useful  form  with  much  ease  in  many  cases.  Ex- 
pressions so  obtained  may  serve  to  verify  the  results  of 
more  abstruse  and  general  processes  ;  but  the  principal  reason 
for  entering  into  the  subject  is  that  the  expressions  themselves 
and  several  of  the  continued  products  which  lead  to  them  seem 
to  be  of  some  little  mathematical  interest. 

*  "  Ueber  einige  Aufgaben,  welclie  die  Tlieorie  des  logarithmisclien 
Potentials  und  den  Durcbgang  eines  constanten  elektriscben  Stroms  dm-cli 
eine  Ebeue  betrefFen,"  von  Dr.  E.  Jocbmann  in  Berlin.  Scblomilch,  Zeit- 
schriftfur  Mathematik,  1865,  p.  48. 
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Resistance  of  some  rectilinear  figures  to  the  current  flowing 
between  two  small  circular  electrodes. 

§  8.  Let  us  first  remind  ourselves  how  the  general  resistance- 
expression  is  obtained.  Given  an  infinite  sheet  with  any  num- 
ber k  oie<]ual  sources  A^,  A^, . . .  A^  and  the  same  number  of  equal 
sinks  Bj,  Bg, ...  B;.  in  it,  the  resistance  between  the  two  eqnipo- 
tential  lines  which  pass  through  any  two  fixed  points  P  and  Q 
is  given  by  Ohm's  law  as 

where  Vp  stands  for  the  actual  potential  at  the  point  P,  and 
hq  stands  for  the  whole  strength  of  current  flowing  in  the 
sheet — that  is  to  say,  for  the  quantity  of  electricity  emitted  by 
each  source  per  second,  multiplied  by  the  number  of  sources. 
Now  (A)  gives  as  the  potential  at  any  point  P 

^^-      ^^i^^^^BiP.B^P... W 

hence 

_     1  JAxQ.A^Q...   B,P.B,P...1 

^^^-2^^^°«lBlQTB2^Q7::'AiP.A2P.../-     "    ^^^ 

And  these  expressions  are  perfectly  general ;  for  unequal  poles 
may  be  regarded  as  aggregations  of  equal  ones,  and  the  num- 
ber of  sinks  must  always  be  equal  to  the  number  of  sources, 
although  some  of  them  may  often  be  at  infinity. 

Now  we  know  that  the  equipotential  lines  of  high  potential 
break  up  into  k  portions  which  ultimately  become  little  circles, 
one  surrounding  each  source.  Similarly  the  lines  of  low  po- 
tential surround  the  sinks.  Take  the  point  P  on  the  circum- 
ference of  one  of  these  little  circles  (radius  p-^^  that  surround- 
ing the  source  A  say  (omitting  its  suffix);  and  take  the  point 
Q  on  a  circle  (radius  p^  surrounding  the  sink  B.  Then  the 
resistance  between  the  two  small  circular  electrodes  A  and  B 
is  k  times  as  much  as  that  oifered  by  the  sheet  to  the  2k  poles, 
or 
^    _     I    .      /AB.AiB.A^B...    BA.B1A.B2A...I  ,  , 

^^^- 27rA:r°«  t  p1.A1A.A2A...  •  p2 . BiBTB2B":Tr/'^*^ 


where  the  higher  powers  of  pi  and  p^  are  neglected.  Since 
they  are  both  small  there  is  no  necessity  to  distinguish  them, 
and  p"  may  be  written  for  their  product.  Moreover  in  very 
many  cases  the  soui'ces  and  sinks  will  ])0  similarly  arranged  ;  so 
that  the  two  fractions  which  are  multiplied  together  inside  the 
brackets  of  («)  are  equal  to  one  another,  and  we  may  then  use 
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liinplifiecl  expression 
1 


R 


AB- 


lo 


< 


AB  .  AiB  .  A2B  . . . 


Irf)- 


TT/cS^^^V/^-AiA.AgA...  /     •     •      ^^^ 

§  9.  Before  ])roceeding  to  apply  the  image  theory  and  this 
expression  to  the  general  case  of  a  two-sided  figure,  it  -will  be 
Avell  to  consider  a  special  case  or  two, — and  first  the  very 
simple  case  of  a  parallel-sided  strip  of  breadth  s,  with  the  two 
poles,  A  and  B,  one  on  each  side  of  the  strip  and  opposite  to  one 
another  (fig.  1). 

Fisr.  1. 


A4. 


Ai 


A  will  be  reflected  in  the~opposite  side,  its  image  Ai  being 
at  a  distance  s  from  that  side  and  from  B ;  then  Ai  Avill  be 
reflected,  its  image  Ag  being  2s  distant  from  A  and  36'  from  B  ; 
then  Ag  will  be  reflected,  and  so  on.  The  images  of  B  Avill 
evidently  be  similarly  arranged  to  those  of  A  mutatis  mutandis; 
so  we  may  use  the  second  of  the  resistance-formulge 

2    ,      AB.AiB... 

^—  — slog x-^* —) 

ttkS    ^    p.AiA... 

doubling  it  because  the  poles  are  only  lialfway  on  the  sheet 

(see  below,  §  22).     Now 

AB  =AiB=s,  AiA=A2A=2.^, 
A2B  =  A3B  =  3s,  A3  A = A4  A = 4s, 
A,B=A5B=5.,  


Hence  the  above  product  becomes 


which  equals 
Therefore 


1.3.3.5.5.7... 

2  .  2  . 4  . 4  .  (3 .  (J . . .' 


ttkS 


(1) 
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§  10.  Onc^  more  special  case  of  the  infinite  strip  I  will  take, 
because  a  coustjintiy  occurring  product  occurs  here  in  its  sim- 
plest form.  Let  the  two  poles  be  both  on  the  same  side  of  the 
strip  and  at  a  distance  c  from  one  another.     The  images  of  A 

•    .      1   ^            1  .u          ,     ,  AB    AiB    A2B  , 

are  just  as  betore,  and  the  product •  -r—r  •  -rr  •  •  .  ecpuils 

\p''     2V-     *     2V     •  '  4V     *     4V    •••/ 

.  1  ire 

p  ire 

•Is 
Therefore 

K=sls'°«(|-'''S) (^) 

Similarly,  if  we  had  taken  the  poles  one  on  each  side  of  the 
strip,  but,  instead  of  opposite  each  other  as  at  first,  at  a  distance 
c  from  one  another  measured  parallel  to  the  sides  of  the  strip, 
we  should  have  obtained 

«=^a'°<!^-^lT) (^) 

2  c 

If  s  be  made  infinite,  (2)  becomes  — k  log    ,  which  is  the 

correct  expression  for  the  case  of  two  poles  on  the  edge  of  half 
an  infinite  sheet.     If  s  is  small,  (2)  and  (3)  become  equal ; 

*  Here  and  elsewhere  sinh  z  may  be  considered  merely  an  aLbreviation 
e^—e-^  1  .    . 

for  — 2 — }  01^  ^s  equal  to  ^  sm  ix.     Similarly 


cosli  x=.  — - — ,  or  =  cos  w, 

tauh  X  —     ~^ —  =  _  tan  ix, 

where  {■=  s/  —  \.     ft  is  useful  to  remember  that 
cosh^  X—  siuh^  a: = 1 , 

sinhO=  tauhO=  sin  0=0, 

coshO=  tauh  CO  =1, 

siuh  00  =s=  cosh  QC  =  ^e* . 


and 


that 
that 

and  that 
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and  if  6;=  p,  they  reduce  to  R= — k  (neglecting   the  small 

term "^^  log  tt),  whicli  is  right  for  the  resistance  of  a  wire 

or  thin  strip  of  sectional  area  pS  and  length  c.  The  presence  of 
the  term  neglected  in  comparison  with  a  term  which  has  p  in  its 
denominator,  can  be  accounted  for  by  remembering  that  the  elec- 
trodes are  not  exactly  straight  bars  at  a  distance  c",  but  quadrants 
of  small  circles  whose  centres  are  distant  c  from  one  another. 

§  11.  We  may  also  consider  one  special  case  of  the  infinite 
"  w^edge  "  or  irregular  two-sided  polygon.  Let  the  two  poles 
be  one  on  each  side  of  the  wedge  at  the  same  distance  r  from  its 

angle  0,  and  call  this  angle  6=  —(n  integer).  The  images  of  A 

will  lie  on  a  circle  with  centre  0  (fig.  2),  as  in  the  kaleidoscope. 

Fio-.  2. 


/ 


/ 


V 


VA, 


\ 


fAs- 


Then 


AB  =  AiB  =  2rsinx, 

on 

AgB  =  A3B = 2r  sin  -^, 


As 


29 


AiA=A2A=2r  sm  -^, 
A,A= A4A  =  2r  sm  ^^, 


so  the  product  which  occurs  in  (/3)  equals 

.  „w— 1  ^ 


p  '  .  .26  .  A6  .  .66 

2         2         2 


snr-    ^    V         a 

2         .    no      , 
( sm-^  w^hen  n  is  even, 

71     y^  2 


sin^^^^' 


sm 


sm" 


2^-^^ 


2         .   716      ,  .      n 
=-  sm  -TT  when  n  is  odd. 


loith  the  Floio  of  Electricity/  in  a  Plane.  383 

But  wo  know  from  Trigonometiy  that 


o  .  sin  — , TT 


{: 


n 


-1 


sin  :;t—  sin  ,— . . .  <  ^      =2  »- 

2/i       2n        I    .    7i  — 2 


;ni — ; —  TT 
z/i 


and  that 


{ 


sin 


n 


-27r 


2 


.    27r  .    47r        »  2n  ^—    - 

sin  TT- sin  ^  - . . .  <  =2»-iv'« 

2;i       2n         I    .    n-1 

Sm-^ TT 

zn 


the  upper  termination  to  be  taken  when  n  is  even,  the  lower 
when  n  is  odd.     Hence  the  above  product  equals 

2r  1 

p    n' 

a^d  R=J_lo    ?!f  or=— loo-—  aV 

if  one  writes  s  for  the  arc  subtending  0  of  the  circle  whose 
radius  is  r. 

Notice  here  the  close  resemblance  to  (1),  becoming  identity 
when  r—xi,  and  also  the  sort  of  circular  analogy  to  Wallis's 

IT 

form  of  5-  which  one  gets  by  taking  arcual  instead  of  linear 

distances  in  fig.  2  for  the  product  of  (/3). 

The  circle  on  which  all  the  poles  lie  is  a  flow-Kne  by  sym- 
metry ;  and  hence  the  resistance  of  the  sector  A  0  B  is  t-svice 
that  of  the  wedge. 

General  resistance  of  a  "Wedge,^^  or  tioo-sided  polygorij 

poles  any  where. 

§  12.  If  we  obtain  an  expression  for  the  case  of  two  poles  A 

and  B,  it  will  be  little  more  than  a  matter  of  writing  to  extend 

it  to  any  number.     Let  0  X  and  0  Y  be  the  two  sides  of  the 

TT 

wedge,  the  angle  Y  0  X  being  6=  -,     Call  the  distance  0  A, 

ri  ;  and  the  angle  A  0  X,  a  (fig,  3) ;  and  let  (rj,  /3)  denote  the 
point  B.     The  images  of  A  -wdll  lie  in  pig_  3 

pairs  on  a  circle  of  radius  r^,  those  of 
B  on  a  circle  of  radius  ?'2;  and  to  find 
the  value  of  the  products  which  occur 
in  the  general  expression  (a)  we  may 
make  use  of  Cotes's  (or  Demoivre's) 
property  of  the  circle,  which  saj^s 
that,  if  m  points  equisect  the  circum- 
ference of  a  circle  of  radius  ?'i,  the 
product  of  their  distances  from  an- 


384  Mr.  0.  J.  Lodge  on  some  Problems  connected 

other  point,  distant  r.2  from  the  centre  of  the  circle  and 
v/(rj  — 2/'i?'2  cos^  +  ?'l)  from  the  nearest  of  the  m  points,  will 
be  equal  to 

v'(>-i"'-2;-r'2'cosm<^  +  >-r) (C) 

To  apply  this  theorem  to  the  present  case  we  must  consider 
the  imao-es  of  A  in  two  sets: — one  set  includino-  A  itself  and  all 
its  images  Avhose  angular  distance  from  it  is  some  multiple  of 
2^;  the  other  set  contain! no; all  the  romaininnr  images,  which  will 
alternate  with  those  of  the  first  set,  and  will  like  them  divide 
the  circle  into  n  equal  parts.  The  product  of  all  the  distances 
of  the  first  set  from  the  point  B  ^vill  be  given  by  (C)  if  we  put 

m  =  n=  -^  and  (i  =  a— /S;  the  product  for  the  second  set  will 

V 

only  differ  in  having  ^=a+/3.  From  the  symmetry  of  the 
expression,  it  follows  that  the  product  of  the  distances  of  the  * 
images  of  B  from  the  point  A  will  be  the  same  as  that  of  the 
images  of  A  from  the  point  B.  Hence  the  numerator  of  (a) 
is  determined.  As  for  the  denominator,  the  product  of  the 
distances  of  the  second  set  of  images  of  A  from  the  point  A  is 

2r"  sin  nu. 
The  product  of  the  first  set  appears  to  be  zero,  since  A  itself  is 
one  of  the  set ;  but  remembering  that  the  point  to  which  dis- 
tances are  properly  measured  is  not  the  actual  pole  A  but  a 
point  on  the  circumference  of  its  small  electrode  (§  8),  we  see 
that,  the  product  becomes 

neglecting  high  powers  of  p.  So  the  whole  product  of  the  A's 
from  A  is  2np}'\"~^  smna;  similarly  the  product  of  the  B's 
from  B  will  be 

2nprl"-'^smn^. 

Hence  the  resistance-expression  («)  reduces  to 

^,.2«_2»,.».,.cosn(a-/S)  +  ?'f  )(r2«-2r»r«cos?i(a  +  /8)  +  rf ) 

4:7i''phf-hf-^  sin  7iu .  sin  n^S 
or,  as  it  is  often  more  convenient  to  write  it, 

27rA;5    ^  _ 

jnr^.fc'l    ^^"^     -2cosn.r=;g)(;-;^|    +^|    -2coBn'^^) 
^  P  An^  sin  na  .  sin  nfi 
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§  13.  A  fow  special  cases  of  tliis  may  be  recorded. 
Wlieii  ri  =  ;-o,  it  becomes 

1    ,      />'      cosna— cos»/3    \  ,p. 

— ^loo-l-. — —r-. =-^7.     ...      (o) 

TTKO    "  \p    n s/ (sin  net .  sin  up'  ^ 

If  at  the  same  time  a  be  made  zero  and  ^  =  d,  we  ought  to  get 
(4) ;  but  we  must  rememlier  that  «  is  not  actually  to  vanish, 

it  is  to  become  very  small  and  equal  to  ^,  which  is  a  sort  of 

compromise  between  -,  the  greatest  value  it  could  vanish  with, 

and  -,  the  least.     So  putting 

(6)  becomes 

TT/cS     ®  \np    np  /       ttkS     ^  np' 
2r 
which  agrees  with  (4). 

Going  back  to  r-^  and  >'2  unequal,  let  us  put  both  poles  on 
OX — that  is,  write 

«  =  ()=  /   and/3  =  0=^, 

(5)  will  become 

-Llog(_4i__!H__); (7) 

and  this  reduces  to  (2)  when  r  is  made  infinite. 

Similarly  if  the  poles  were  placed  one  on  OX  and  the  other 
on  OY,  we  should  get 

-Ll0gJ!l±Zl)!_; (8) 

and  this  reduces  to  (3)  when  ?-j  =  /'2  +  c=x  ,  and  ^=  -  =0. 

One  more  case  is  worth  mentioning,  viz.  when  one  of  the 
poles,  say  B,  is  on  the  angle  of  the  wedge  at  0.  To  give 
this, ?'2= panel 0  being  any  thing  between  U  and  ^,  yi/3  will  bo 

any  thing  between  0  and  tt,  say  -)  sin  /?/3  =  l,  so 

5«=--^log(i'-_  .,— i— A     .     .  (il) 

Phil.  Maff.  S.  5.  Vol.  1.  No.  5.  Mat/  1876.  2  D 


386         Mr.  0.  J.  Lodge  on  some  Problems  connected 
If  at  the  same  time  A  is  on  OX  or  OY,  this  becomes 


ttkS 


-4Htry 


(loy 


A  direct  capplication  of  Cotes's  property  and  equation  (B) 
to  this  last  case  gives  lis  as  the  perfectly  accurate  expression 

whatever  be  the  size  of  the  electrodes,  provided  that  they  be  taken 
of  such  shape  as  to  fit  the  equipotential  lines  passing  through 
the  two  points  P  and  Q  to  which  distances  are  measured.  Both 
these  points  are  on  the  lino  A  B,  one  of  them  distant  pi  from 
A,  the  other  p.2  from  B.  This  expression  will  reduce  to  (10)' 
when  pi  and  p2  are  regarded  as  small  quantities  of  the  first  oi'der. 
§  14.  Although  all  these  expressions  are  proved  only  when  0 
is  a  submultiple  of  tt,  yet  by  continuity  they  would  seem  likely 
to  hold  true  always.  If  so,  we  have  expressed  the  resistance 
of  a  Riemann's  surface  of  any  number  of  leaves,  but  all  con- 
nected at  one  branch-point  0. 

General  resistance  of  a  "  Strip, ''^  or  regular  two-sided  polygon 
poles  anywhere.  Fig.  4. 

§  15.  The  strip  being  a  special  case  of  the 
wedge,  its  resistance  will  follow  directly  from 
(5)*  by  making  6  vanish.  We  must  substitute 

5  =  ^1^,     a  =  ria,     h  =  r2^,     c^r^—r^, 
and  then  make  r-^^r^  +  c  infinite,  keeping  c,  a) 
h,  s  all  finite  (fig.  4).     The  substitutions  give 


us 


s    ' 


S  ^2      ' 

so  the  resistance  (5)'  becomes 


TT  _ 


irri 
s 


m= 


27rK8 


log 


COSfl  -TT-—  cos- 


^S 


0( 


cosh 


TT—  cos 


a  +  h 


Try 


.    air  .    hir] 
sm  —  sm  — 


.(11) 


*  It  might  be  objected  that  when  n  is  made  large,  higher  powers  of  p  in 
the  expansion  of  (r— p)"  may  not  be  neglected,  as  was  done  in  the  process 
of  obtaining  (5).  This  would  be  true  if  the  size  of  ?i  were  merely  due  to 
the  shutting  up  of  6  with  a  constant  r ;  but  in  our  present  case  r  is  also 
large,  and  the  expansion  is  in  descending  powers  of  /•. 
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§  10.  For  the  case  when  l)otli  poles  are  at  the  same  distance 
from  the  sides  of  the  strip,  or  a  =  b,  this  becomes 

2rt7r. 


— ?;  log  <  —  sinh 
TT/CO  7rp 


(cosh cos- \i\ 
-                  ZCITT  / 

1  —  COS /      I 


S 

and  if  they  are  also  both  in  the  middle  of  the  strip,  it  simplifies 
to 

^Mip^'^^T)' (2)' 

which  is  just  half  (2),  as  it  ought  to  be.  I  write  out  this  par- 
ticularly, because  this  case  has  been  already  studied  by  Stefan, 
and  experimentally  verified  by  von  Ohcrmayr  (Wieii.  Akad. 
Ber.  18G9,vol.  Ix.part  2.  p.  245).  Stefan,  it  seems,  wrote  the 
expression  he  obtained  thus  (merely  altering  his  letters), 

1  si  irc  nc 

and  this  is  identical  Avith  (2)^ 

§  17.  It  seems  as  if  expressions  like  the  above  might  pos- 
sibly be  employed  in  obtaining  the  values  of  certain  continued 
products.     Thus  to  take  (12)  as  an  example. 

The  direct  geometrical  product  for  this  case,  occurring  in  (iS), 
is  the  root  of 

^.  2rt  .  2s-2a  .  2s .  2s .  2s  +  2a  .  As-2a .  4s .  4.s .  4.s  +  2a  .  Gs-2a 

p'  —  — .  —  —r: 7^ ■ 

where  ks±2a  is  an  abbreviation  for  1+   .^ k-^>' 

{/cs±2ay 

Now  one  portion  of  this  wc  know  (of.  §  10), 

and  as  A^-2  equals  the  square  of  the  rational  part  of  the  quan- 
tity inside  the  brackets  of  (12),  it  follows  that  the  square  of 
the  irrational  part  is  equal  to  the  remaining  factors  of  the  above 
product.     It  may  be  written 

1  2c7r             2rt7r  .  ^»C'K 

cosh cos smh  —  c,^    .  2 


■'       •'  =i+-^-=('+yO-ra) 


1  2a7r  .  ^anr        \        a'J\         (s — a) 

1  —  cos sin"  —  ^         ^ 

s  s 

(1  +  (Tf^yV  V  "^  {2s-a)y  (^  ■*"  {2s  +  ay)  ""' 

merely  putting  s  instead  of  2s,  and  a  instead  of  2a. 

2D2 
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Whether  this  result  is  otherwise  obvious  or  not,  it  will  serve 
as  an  example  of  how  new  products  might  sometimes  be  evalu- 
ated from  resistance-expressions. 

General  re.nstance  of  a  circular  .sector. 

§  18.  The  resistance  of  a  circular  sector  containing  two 
poles  A  and  B  will  be  twice  the  resistance  of  a  wedge  with  the 
same  angle,  but  in  which,  besides  the  poles  A  and  B,  there 
also  exist  poles  A'  and  B'  at  the  points  inverse  to  A  and  B  with 
I'egard  to  the  circle  of  which  the  sector  is  a  part ;  that  is,  calling 

B.  the  radius  of  the  sector,  0  A'=  — ,  0B'  =  — .      The  ex- 

pression   for   the   resistance  will   be  (5)  plus  an  additional 
expression 

Ul-sDUl-sUfel    +e1-2™«H  y    +i   -2cos2«^) 

§  19.  When  the  angle  of  the  sector  vanishes  by  R  becoming 
infinite,  we  get  the  case  of  a  strip  bounded  towards  one  end, 
or  what  may  be  called  an  isosceles  triangle  whose  equal  angles 

are  ^.     The  pole  A  being  at  a  distance  Ci  from  the  base  and 

a  from  one  of  the  sides,  while  B  is  at  a  distance  b  from  the 
same  side,  Og  from  the  base,  the  above  expression  reduces  to 


.(i; 


/       1   ^i  +  (^2  «  — ^^    \/       1   Ci  +  ^2  a  +  b    \ 

I  cosh  — TT  — cos TT  |  C  COSh 7r—  COS  TT  J 

2  smh  —  smh — -a/  i  cosh cos I  a/  I  cosh  —_ cos j 

where  the  c  in  (11)  may  be  written  Ci  —  c^  for  symmetry. 

It  may  be  noticed  that  the  additional  quantity  in  (14)  vanishes 
when  Ci  and  Co  are  infinite;  but  becomes  the   same  as  (11) 

when  ci  and  Cg  ^I'e  made  small  and  equal  to  ^ ;  and  this  is  just 

what  it  ought  to  do. 

§  20.  The  quantity  which  is  added  to  (11)  to  give  (14)  may 
be  called  the  "  effect  of  the  boundary  "  which  limits  the  strip 
at  one  end.     If  we  added  a  boundary  to  the  other  end  of  the 


,(14: 
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strip  also,  it  would  become  a  rcctaiiffle  of  breadth  5  and  length 
Cx  +  ('3  or  ^2  +  Q ;  and  by  adding  another  qnantity  to  (1 1)  similar 
to  the  above,  but  with  ('3  and  r.j  instead  of  c^  and  c^  (that  is,  by 
adding  a  quantity  which  ap])roximates  to  the  etfect  of  the  new 
boundary),  we  should  ol)tain  an  a[)proxinKition  to  the  resist- 
ance of  a  rectangle,  which  is  a  pretty  close  one  if  the  c  are  larger 
than  the  s.  Such  an  approximate  expression,  however,  has  no 
particular  interest.  It  is  easy  to  write  down  the  products  oc- 
curring in  («)  for  the  general  case  of  a  rectangle  ;  but  their 
evaluation  does  not  appear  to  be  so  simple. 

Distribution  of  potential  in  a  "  loedge  "  containing  any 
number  of  point  poles. 

§  21.  All  the  flow-conditions  in  a  wedge  whose  angle  is  - 

are  determined  completely  by  writing  out  the  particular  form 
assumed  by  the  general  expression  (A)',  §  8,  for  this  case. 
The  polar  coordinates  of  the  sources  being  {i\,  a),  (r'l,  a') .  . ., 
and  of  the  sinks  being  (r,,  /3),  (r'o,  ^')  •  •  •,  the  potential  at  any 
point  (?*,  ^)  is 


(,.2»_2,.n,.»  cos  n0-/3  +  rf  )(;-^"-2r"r"2 cos  ;t0  +  /3  +  rf)  ^y^^^ 
(,.2»_ 2.,.»r"  cos  n^-a.  +  rT){r^'' - 2r"ri  cos  n(f)  +  a  +  rf) 

+  similar  terms  with  accented  coordinates  for  every  other  pair 
of  poles  which  the  sheet  may  contain. 

When  the  wedge  becomes  a  "  strip  "  of  breadth  s,  the  above 
expression  gives,  as  the  potential  of  any  point  (.<•,  y), 

J  cosh ^ ^  TT—  cos  '^ZliH?  TT  \  /  cosh^ ^  TT—  COS  ' ~  V  j 

COsh'-^^ ^  TT—  COS  TT  j  (  COsh  '- —  TT—  COS Tf  \ 

+  &c., 

where  the  sources  are  (.I'l,  yi),  {x\,y\)  . ..,  the  sinks  (.1-2,  yi), 
(•^2j  y'2)  •  •  v  and  where  one  side  side  of  the  strip  is  taken  as  the 
axis  of  y. 

[To  be  continued.] 
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XLVI.  On  the  Determination  of  the  Longitude  of  Cairo  from 
Greenwich  by  the  Exchange  of  Telegraph-Signals.  By  Cap- 
tain C.  Orde  BROWTi^E,  Chief  of  Egypt  Transit-of- Venus 
Expedition  *. 

EGYPT  having  been  chosen  by  the  Astronomer  Royal  as 
the  position  for  a  gronp  of  stations  for  the  observation 
of  the  retarded  egress  of  Yenus  in  transit  on  Dee.  8, 1874,  the 
question  arose  as  to  the  feasibility  of  employing  the  telegraph 
connexions  between  England  and  Egypt  to  exchange  time- 
signals,  in  order  to  determine  the  longitude  from  GreenAvich. 
The  Astronomer  Royal  decided  to  make  trial  of  this  method, 
if  a  reliable  signal  could  be  obtained  through  the  cable  of  the 
Eastern  Telegraph  Company,  when  such  connexions  should  be 
made  as  would  bring  the  English  end  of  the  cable  into  direct 
circuit  with  that  at  Alexandria. 

With  a  view  to  ascertaining  this,  the  Astronomer  Royal 
sent  me  twice  to  Porthcurnow,  in  Cornwall,  where  the  cable 
comes  to  land,  and  where  the  Eastern  Telegraph  Company 
have  their  tenniual  station,  under  the  direction  of  Mr.  EdAvard 
Bull,  to  whom  the  Directors  had  kindly  sent  instructions  em- 
poAveriug  him  to  devote  the  cable  to  the  purposes  of  the  ex- 
periment for  as  long  a  time  as  might  be  required.  It  is  not 
too  much  to  say  that  to  Mr.  Bull's  services  in  suggesting  expe- 
dients, and  to  his  determination  and  perseverance,  is  to  be  at- 
tributed the  success  in  getting  the  signals  through  so  great  a 
length  of  line. 

From  Porthcurnow  there  run  two  cables — one  coming  to 
land  at  Yigo,  which  is  connected  by  a  separate  length  of  cable 
with  Lisbon,  the  other  proceeding  direct  from  Porthcurnow 
to  Lisbon.  A  single  cable  runs  from  Lisbon  to  Gibraltar,  and 
another  from  Gibraltar  to  Malta.  From  Malta  tAvo  cables 
run  to  Alexandria. 

To  connect  Porthcurnow  directly  AA^th  Alexandria,  then,  it 
is  necessary  to  "join  up  "  the  cable-ends  at  Malta,  Gibraltar, 
and  Lisbon,  and,  if  the  Yigo  cable  be  used,  at  Yigo  also;  and 
in  the  experiment  that  eventually  took  place  this  AA'as  the  line 
employed.  The  particulars  of  the  cables  thus  brought  into  the 
circuit  are  giA'en  hereafter. 

On  the  occasion  of  the  second  preliminary  experiment,  Mr. 
Ellis,  of  the  Royal  Obser\^atory,  and  Mr.  S.  Hunter,  of  the 
Transit-of- Yenus  Expedition,  Avho  had  been  appointed  by  the 
Astronomer  Royal  to  conduct  the  Avork  in  concert  with  the 
officers  of  the  Telegraph  Company  at  Porthcurnow  and  at 
Alexandria  respectively,   came   doAATi   to   PorthcurnoAv,  and 

*  Communicated  by  the  Author. 
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made  an  exchange  of  signals  throngli  the  circuit  formed 
by  the  cable  lines  extending  from  Porthcurnow  to  Vigo,  and 
so  through  Lisbon,  and  back  by  the  direct  cable  to  Porth- 
cnrnow.  By  this  moans  experience  Avas  obtained  by  the 
observers  at  the  opposite  ends  of  a  cable  1734  knots  in 
length  ;  that  is  to  say,  more  than  half  the  length  of  the  Porth- 
curnow-and-Alexandria  Cable.  This  was  a  valuable  preli- 
minary experiment,  because  the  observers  at  the  opposite  ex- 
tremities of  the  cable  were  sitting  side  by  side,  and  able  to 
compare  and  rectify  faults  together. 

The  iirst  object  of  the  Porthcurnow  experiments  was  to 
ascertain  the  possibility  of  getting  a  reliable  signal  through 
the  great  length  of  cable  between  Cornwall  and  Alexandria, 
which,  it  may  be  observed,  is  not  only  (338  knots  longer  than 
the  Transatlantic  one,  but  has  also  a  much  smaller  section  of 
co])per*.  Further,  it  was  necessary  to  decide  what  arrange- 
ment of  a]  )paratus  to  employ,  and  to  take  steps  to  ensure  the 
same  conditions  being  observed  at  Porthcurnow  and  Alexan- 
dria when  the  actual  experiment  took  place.  It  was  found 
when  Thomson's  reflecting  galvanometer  was  employed  in  the 
usual  way,  that  the  movement  of  the  beam  of  light  was  feeble, 
but  that  with  an  arrangement  proposed  by  Mr.  Bull,  an  amply 
sufficient  length  of  travel  was  obtained. 

This  arrangement  consisted  in  the  attachment  of  the  small 
mirror  to  the  coil  of  a  Thomson's  recorder,  by  which  the  for- 
mer was  rendered  much  more  sensitive  than  when  used  on  the 
ordinary  galvanometer  by  being  brought  into  a  strong  mag- 
netic field  f. 

Signals  were  made  with  and  without  condensers.  When 
no  condenser  was  used,  the  beam  came  to  no  fixed  zero  posi- 
tion, but  was  subject  to  continual  fluctuation.  On  the  other 
hand,  when  a  condenser  was  employed  at  the  sending  end,  the 
travel  of  the  beam  of  light  was  not  sufficient  to  furnish  a  re- 
liable signal. 

The  follo-^ang  w^as  the  arrangement  finally  adopted: — A 
condenser  was  employed  at  the  receiving  end  only,  between 
the  line  and  instrument.  The  mirror  was  used  on  the  recorder 

*  The  Porthciirnow-aud-Alexacdi'ia  cable  is  3222  knots,  and  the  French 
cable  from  Brest  to  St.  Pierre  2584:  knots  in  length.  The  copper  and 
gutta-percha  coatings  ai-e  respectively  120  lbs.  and  175  lbs.  for  the  English, 
and  400  lbs.  both  of  copper  and  of  gutta-percha  for  the  French  cable  per 
knot. 

t  In  the  Thomson  recorder  a  coil  of  very  fine  wire  is  suspended  verti- 
cally  between  the  extremities  of  a  powerful  electromagnet  depending  on 
the  action  of  a  special  battery.  The  coil  is  brought  into  the  actual  line 
cu'cuit.  Hence  a  slight  current  through  the  line  causes  strong  luovement 
of  the  coil ;  indeed  the  object  of  the  arrangement  is  strength  as  much  as 
extreme  sensitiveness. 
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in  the  manner  proposed  by  Mr.  Bull — an  instrument  being 
lent  by  him  at  my  request  to  take  out  to  Alexandria,  in  order 
to  ensure  the  same  conditions  being  observed  at  both  ends  of 
the  cable. 

Mr.  Cromwell  Varley,  F.E.S.,  Avas  consulted  as  to  the  par- 
ticular character  of  signal  that  his  experience  in  the  Atlantic 
exchanges  led  him  to  prefer.  He  reconmiended  the  use  of  the 
signal  made  on  the  "break"  of  current,  rather  than  that  given 
^ythe  "make,"  because  in  the  former  case,  the  battery  being- 
put  out  of  circuit,  the  danger  of  irregularity  due  to  unequal 
i-esistances  in  the  batteries  employed  at  the  terminal  stations 
would  be  avoided.  He  also  advised  that  the  transit  of  the  beam 
of  light  across  a  line  about  the  middle  of  its  stroke,  where  its 
rate  of  motion  was  greatest,  should  be  observed,  rather  than  its 
first  movement.  To  do  this,  he  ])roposed  that  the  length  of 
travel  of  the  beam  should  be  first  observed  on  a  scale,  and  the 
halfway  line  marked,  the  zero-point  being  brought  to  the 
standing  position  of  the  beam  a  little  before  the  time  at  which 
each  signal  should  be  due;  the  current  to  be  made  for  50  seconds 
and  broken  for  10  seconds,  the  direction  of  the  current  being 
reversed  for  each  successive  signal.  At  the  same  time  Mr. 
Varley  suggested  an  ingenious  way  of  ascertaining  the  effect 
of  earth-currents  on  the  signals.  For  this  purpose  the  transits 
of  the  beam  of  light  across  lines  made  at  points  at  ^  and  f  the 
length  of  travel  were  to  be  observed.  The  interval  of  time 
between  these  transits  being  a  function  of  the  time  of  retarda- 
tion of  current,  a  comparison  of  results  obtained  at  each  end 
would  give  the  relative  effect  of  earth-currents  or  other  re- 
tarding influences.  For  this,  however,  it  would  be  necessary  that 
the  travel  of  the  beam  should  be  exactly  the  same  in  each  case, 
and  that  the  observation  made  at  these  two  points  of  the  same 
movement,  Avhich  was  a  difficult  matter,  should  be  very  accurate. 
Besides  this,  a  considerable  number  of  signals  might  have  to 
be  devoted  to  this  work.  Altogether,  the  Astronomer  Royal 
decided  not  to  attempt  such  an  investigation;  but  he  directed 
that  one  hour  out  of  every  four  should  be  given  to  the  obser- 
vation of  the  start  of  the  beam  at  the  "  make  "  and  "  break  " 
of  currents  sent  in  oj^posite  directions  successively  every  half 
minute,  that  is  to  say,  15  seconds  current  and  15  seconds  break, 
followed  by  an  opposite  current  and  break  of  15  seconds  each. 
This,  taken  with  Mr.  Yarley's  method,  might  even  give  much 
information  as  to  earth-currents;  moreover  it  offered  the  advan- 
tage of  providing  a  very  large  number  of  a  class  of  signals 
hitherto  employed  and  found  reliable  and  of  a  simple  character. 
Mr.  Varley,  however,  strongly  recommended  the  adoption  of  an 
intermediate  station  as  giving  greater  accuracy  and  security, 
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nnd  as  incidentally  givino-  tho  longitude  of  anotlier  ini]iortant 
place  in  Euro})e  very  accurately.  Pie  calculated  that  the  re- 
tardation of  the  current  would  be  about  1*25  second  between 
rorthcurnow  and  Alexandria,  a  calculation  which  was  proved 
by  the  result  to  be  remarkably  correct.  The  idea  of  the 
establishment  of  an  intermediate  station  was  negatived  as 
im])racticable  by  the  Astronomer  Royal. 

Mr.  Varley  kindly  placed  his  artificial  line  (furnished  with 
condensers,  &c.,  to  represent  the  conditions  of  a  submarine 
cable  of  greater  or  less  length)  at  the  disposal  of  the  Astro- 
nomer Eoyal.  By  means  of  this  apparatus  abundant  ]H-actice 
was  obtained  in  the  observation  of  a  signal  similar  to  thtit 
made  on  the  actual  cable.  When  the  expedition  had  gone 
out  to  Egypt,  and  stations  had  been  established  with  proper 
telegrai)h-connexions,  the  actual  exchange  of  signals  took 
place.     Matters  were  then  in  the  following  condition. 

The  primary  station  in  Egy})t  was  established  on  the  western 
spur  of  the  desert  range  of  the  Mokattam  hills,  about  560  feet 
above  Cairo.  The  real  object  of  the  experiment  was  to  obtain 
the  longitude  of  this  point  from  Greenwich.  The  longitudes 
of  the  subsidiary  stations  at  Thebes  and  Suez,  and  if  necessary 
Alexandria  also,  might  be  readily  obtained  from  the  Mokattam 
station  by  exchange  of  signals  through  land  lines. 

To  compare  the  Mokattam  local  time  with  Greenwich  time, 
it  was  necessary  to  exchange  land-line  signals  between  these 
two  places  with  the  transmitting  stations  established,  as  above 
noticed,  at  each  end  of  the  cable;  consequently  Mokattam  and 
Alexandria  exchanged  signals,  while  Greenwich  and  Porth- 
curnow  were  similarly  engaged.  Then  took  place  the  ex- 
change of  cable-signals  between  Porthcurnow  and  Alexandria, 
which  lasted  for  four  hours.  Finally  Mokattam  and  Alexandria 
again  exchanged  signals. 

While  the  cable-signals  were  passing  a  number  of  star- 
transits  were  observed  at  Mokattam,  as  well  as  both  before  and 
after  the  exchanges  with  Alexandria. 

Mokattam  was  my  own  station.  The  principle  I  endea- 
voured to  follow  was  to  multiply  star-  and  telegraph-signal 
observations  at  that  end  of  the  line  where  each  star-observa- 
tion must  be  expected  to  be  the  less  accurate,  and  where  the  rate 
of  the  clock  was  more  liable  to  fluctuation.  In  some  cases  an 
unusually  large  niunber  of  stars  were  observed,  owing  to  the 
fact  that  at  each  opportunity  that  occurred  it  was  desirable  to 
secure  several  good  transits,  because  the  skies  might  cloud 
over  at  any  time. 

Mr.  Hunter  was  at  Alexandria.  In  addition  to  his  work 
in   transmitting  cable  and   land  signals,  he   undertook  star- 
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transit  observations  on  oacli  niglit,  in  order  to  obtain  the 
longitude  of  Alexandria  direct  from  Greenwich,  instead  of 
from  Mokattam,  by  a  separate  operation. 

Mr.  Ellis  was  at  Porthcuruow,  and,  under  the  Astronomer 
Royal's  direction,  arranged  the  exchanges  between  Greenwich 
and  that  station  with  Mr.  Oris  wick,  who  observed  stars  and 
signals  at  Greenwich. 

A  complete  exchange  of  signals  was  effected  without  any 
hindrance  or  disappointment  on  four  nights,  namely  Novem- 
ber 14,  November  15,  November  21,  and  November  22,  1874. 
On  three  nights  stars  were  visible  at  Greenwich,  and  on  all 
four  nights  at  Mokattam  and  Alexandria. 

The  following  was  the  arrangement  of  line  batteries  and 
condensers,  &c.,  on  the  cable  circuit. 

A  condenser  was  employed  at  the  receiving  end  only 
betw^een  the  Une  and  instrument.  The  mirror  was  used  on 
the  Thomson  recorder  as  arranged  by  Mr.  Bull. 

Nearly  the  same  batteries  w^ere  used  throughout  at  Porth- 
curuow and  Alexandi'ia,  namely  40  cells  of  Mennotti  or 
Daniel  on  the  line.  Signals,  however,  were  received  at  Porth- 
curnow  from  Alexandria  to  test  the  sensitiveness  of  the  instru- 
ment with  12  Mennotti  cells  ;  and  messages  were  read  from 
Gibraltar  (11(31  miles)  with  3  Mennotti  cells.  To  keep  up 
the  magnetic  iield,  ten  and  twelve  large  batteries  of  the  Daniel 
form  were  used,  the  size  of  the  zinc  plates  being  about  one 
foot  square,  and  the  resistance  of  the  electromagnet  about 
16  ohms. 

The  following  are  the  particulars  of  the  cables  employed: — 
Porthcuruow  to  Vigo    ....       620  knots. 

Vigo  to  Lisbon 247      „ 

Lisbon  to  Gibraltar 331      „ 

Gibraltar  to  Malta 1120      „ 

Malta  to  Alexandria 904      „ 

Total  length 3222      „ 

The  electrostatic  capacity  of  the  cable  is  0*3645  micro- 
farad per  knot. 

Specific  inductive  capacity  of  insulator  0*0729  microfarad. 

The  total  number  of  cable-signals  observed  was  956. 

By  the  order  of  the  Astronomer  Royal,  Mr.  Ellis  worked 
out  the  longitude  of  Mokattam  before  the  return  of  the  expe- 
dition; and  the  work,  as  far  as  the  reduction  of  the  exchange 
of  signals  was  concerned,  was  then  completed.  The  longitude 
was  slightly  modified  by  the  application  of  corrections  for 
personal  equation  and  also  on  the  final  working-up  of  the 
whole  of  the  star-observations,  which  could  not  be  completed 
by  me  in  camp. 
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There  was  no  perceptible  effect  that  could  be  attributed  to 
earth-currents.  The  mean  loss  of  time  before  the  signal  on 
make  of  current  was  visible,  Avas  l*3-4  sec,  and  that  before 
break  of  current  signal  was  1*28  sec,  the  mean  being  1"31  sec, 
which  is,  as  noticed,  remarkably  close  to  Mr.  Yarloy's  estimate 
of  1;^  sec.  The  final  longitude  of  Mokattam  from  Greenwich 
was  2^^  5™  6®"32  ;  the  results  of  the  four  dilferent  nights 
agreed  very  closely,  the  seconds  from  the  observed  times  and 
signals  uncorrected  for  personal  equation  being  6*55,  6*64, 
tvGl,  and  6"55,  an  accordance  which  exceeded  all  expec- 
tation. It  would  appear  from  this  that  the  longitude  was 
probably  correct  within  two  or  three  hundredths  of  a  second ; 
but  it  is  to  be  borne  in  mind  that,  although  there  is  strong 
CAndence  of  the  personal  equations  of  the  observers  having 
remained  very  constant  throughout  the  nights  of  the  experi- 
ment, the  amount  of  each  could  only  be  obtained  at  Greenwich 
after  the  return  of  the  expedition,  when  slight  alterations  might 
have  taken  place  in  them. 

From  Mokattam  the  longitudes  of  the  Suez  and  Thebes 
stations  were  easily  obtained  ;  and  the  work  was  carried 
further  to  the  east  by  Mr.  Gill,  of  Lord  Lindsay's  party,  who, 
with  the  Germans,  determined  the  longitude  of  Suez  and 
Bombay. 

XLYII.  A  Theory  of  Mr.  Crookes's  Radiometer. 
By  Professor  Cil4.llis,  J/..4.,  F.R.S.,  F.R.A.S.* 

I  ASSUME  that  the  construction  of  the  radiometer  and  the 
phenomena  it  presents  are  well  known.  In  the  Philoso- 
phical Magazine  for  January  1857  I  have  proposed  a  "  Theory 
of  the  Transmutation  of  Rays  of  Light,"  which  bears  in  an 
essential  manner  on  the  explanation  of  the  radiometer  I  am 
about  to  propose  ;  and  I  have  made  additional  remarks  on  the 
same  question  in  the  Philosophical  Magazine  for  May  1865. 
According  to  the  views  adopted  in  those  communications,  rays 
of  light  incident  on  opaque  substances  are  partly  reflected  with- 
out undergoing  transmutation  and  are  partly  intromitted.  The 
latter  part  are  transmuted  into  rays  of  the  kind  which  by  their 
dynamical  action  produce  heat  of  temperature  as  distinct  from 
radiant  heat.  This  is  what  takes  place  on  the  bright  side  of 
each  revolving  Aane  of  the  radiometer.  We  may  assiune  that 
the  same  quantity  of  light  is  incident  on  the  blackened  side  as 
on  the  other  ;  but  because,  as  the  surface  is  black,  none  of  the 
light  is  regularly  reflected,  it  follows  that  the  whole  is  trans- 
muted into  the  heat  of  temperature.  The  accession  of  tempe- 
rature is  therefore  greater  on  the  black  than  on  the  bright 
*  Communicated  by  the  Author. 
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surface.  Tlie  iiicidoiit  H^ht  thus  produces  an  abnormal  state 
of  the  atoms  at  and  near  the  superficies  of  the  vane,  analogous 
in  some  degree  to  the  state  of  the  superficial  atoms  of  a  body 
electrified  by  friction.  Such  disturbance  of  the  atoms  at  the 
surfiice  must  be  accompanied  by  change  in  the  interior,  having 
the  effect  of  causing  the  atoms  to  be  somewhat  more  crowded 
together  at  one  part  than  at  another.  (See  on  these  points  the 
article  on  the  Force  of  Electricity  in  the  Philosophical  Maga- 
zine for  October  1860,  and  the  Theory  of  Electric  Force  in 
"The  Principles  of  Physics,'  pp.  505-555.)  With  respect  to 
the  vanes  of  the  radiometer  in  their  state  of  continuous  pertur- 
bation as  to  temperature,  it  is  clear  that  the  crowding  of  the 
atoms  will  be  towards  the  bright  or  cooler  surface,  and  that 
there  will  be  an  abnormal  increment  of  density,  regular  or  not, 
from  the  blackened  to  the  white  surface. 

This  being  admitted,  I  may  proceed  to  state  the  theory  which 
I  have  elsewhere  proposed  for  accounting  for  the  maintenance 
of  the  interior  gradation  of  atomic  density.  I  consider  that 
this  theory  is  best  given  in  a  "  New  Discussion  of  the  Hydro- 
dynamical  Tlieory  of  Magnetism,"  contained  in  the  Philoso- 
phical Magazine  for  June  1872  ;  but  it  should  be  noticed  that 
in  a  magnet  the  interior  gradation  of  atomic  density  results 
from  the  peculiar  constitution  of  hardened  steel,  and  not  from 
abnormal  superficial  conditions.  The  case  of  our  problem  is 
more  analogous  to  the  production  of  thermo-galvanic  currents 
by  Seebeck's  experiment.  In  any  case,  howcA'er,  of  such  grada- 
tion the  theory  supposes  that  atomic  repulsion  acting  from  denser 
towards  rarer  parts  is  equilibrated  by  molecular  attraction  acting 
from  rarer  towards  denser  parts.  According  to  the  hydrody- 
namical  theory  of  Attractive  and  Repulsive  Forces  (which  is 
given  more  completely  in  the  Philosophical  Magazine  for  Sep- 
tember 1872  than  in  my  previous  discussions  of  it),  these  forces 
result  from  the  djniamical  action  of  a'therial  undulations — those 
of  small  breadth  and  intensity  causing  repulsion  in  the  direc- 
tion of  their  propagation,  and  those  of  which  the  breadth  and 
maximum  intensity  are  large,  causing  attraction  in  the  direc- 
tion opposite  to  that  of  propagation.  Now  in  all  cases  of  the 
equilibration  of  a  congeries  of  atoms  by  these  opposing  forces, 
when  terms  including  the  square  of  the  velocity  of  the  fether 
are  taken  into  account,  the  mathematical  reasoning  (as  given 
in  the  Philosophical  Magazine  for  June  1872)  shows  that  the 
aether  itself  is  accelerated  by  reason  of  the  contraction  of  chan- 
nel due  to  the  constancy  of  magnitude  and  form  of  the  atoms, 
and  the  increment  of  their  nimil^er  towards  the  denser  parts. 
These  impressed  accelerations  maintain  a  s^fafZ?/c/yr?/?a^//?(/>/?o^/o?i 
in  the  midst  of  the  sether,  Avhich  is  always  tending,  by  the  inertia 
of  its  unlimited  mass,  to  put  astop  to  such  motion.     According 
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to  tlio  kiu)wn  law  of  stotuly  motion,  tho  (Icnsitv  aiul  pressure 
of  th«>  fluitl  are  greater  as  the  motion  is  less.  Now  in  the  case 
of  the  authorial  current  maintained  by  the  variation  of  atomic 
density  in  the  radiometer's  vane,  the  direction  Avill  be  trans- 
verse to  the  parallel  surfaces  of  the  vane,  and  the  motion  will 
be  least  near  the  black  surface  because,  by  reason  of  excess  of 
temjierature,  the  channel  will  there  be  greatest.  Hence  there 
will  be  a  decrement  of  cethevial  dcnsitt/  from  the  dark  towards 
the  l)right  surface,  and  the  atoms,  being  immersed  in  this  va- 
riation of  density,  will  be  urged  as  if  the  vane  were  pushed  on 
the  black  surface.  This  agrees  with  the  fact  as  observed.  (It 
is  proved  in  art.  33  of  the  communication  in  the  Philosophical 
Magazine  for  September  1872,  that  the  acceleration  of  an  atom 
resulting  from  the  variation  of  density  of  the  setlier  has  a  con- 
stant ratio  to  the  acceleration  of  the  fluid  where  the  atom  is 
situated.) 

Having  surmised  from  the  foregoing  theory  that  the  rotation 
of  the  vanes  might  be  affected  by  the  streams  of  a  magnet  in 
the  neighbourhood  of  the  radiometer,  I  found  on  trial  that  this 
is  the  case,  the  rate  of  revolution  being  much  reduced  by  the 
proximity  of  a  magnet  of  considerable  power.     This   result 
might  be  due  to  the  influence  of  the  magnet's  streams  on  those 
which,  according  to  our  theory,  cross  the  vanes  transversely,  and 
maybe  taken  to  be  evidence  of  the  actuality  of  the  latter  streams. 
The  theory  shows  that  the  vanes  are  impelled  by  a  constant 
accelerative  force  so  long  as  the  same  quantity  of  light  falls  on 
them.     But  from  observation  it  appears  that  for  a  certain  quan- 
tity of  incident  light  they  attain  a  certain  rate  of  revolution 
and  then  cease  to  be  accelerated.     How  is  this  foct  to  be  ex- 
plained?    It  is  evident  that  there  must  be  some  amount  of 
friction  between  the  glass  support  and  the  pivot  on  which  the 
system  of  vanes  turns  ;  and  this,  together  with  the  resistance 
which  would  be  produced  by  ever  so  small  a  residuum  of  air  in 
the  glass  globe,  may  sufhciently  account  for  a  limit  to  the  rate 
of  revolution.     As  respects  friction,  this  explanation  appears  to 
be  confirmed  by  a  peculiar  circumstance  which  has  been  very 
recently  noticed — namely,  that  when  the  glass  globe  is  caused 
to  float  in  Avater  and  the  motion  of  the  vanes  is  stopped,  on 
throwing  light  upon  them  the  globe  is  observed  to  rotate.    The 
reason  seems  to  be  that  the  accelerative  force  which  by  the  in- 
cidence of  light  is  made  to  act  on  the  vanes,  takes  eftect,  by 
the  intervention  of  friction,  so  as  to  move  the  globe.     It  is 
evident  that  the  tendency  of  the  friction  is  always  to  make  the 
globe  partake  of  the  rotatory  motion  of  the  vanes.     I  give  this 
explanation  with  reservation,  not  having  yet  seen  a  complete 
account  of  this  novel  experiment. 
Cambridge,  April  21,  1875. 
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XLVIII.  On  a  new  Owide  ofSulphir  and  an  analogous  Selenium 
Substitution  Product  of  the  same.     Bi/  RuDOLPH  Weber*. 

IT  is  known  that  deeply  coloured  products  are  obtained  by 
the  action  of  sulphur,  selenium,  and  tolluriura  upon  sul- 
phuric anhydride  or  upon  fuming  oil  of  vitriol. 

In  his  research  on  tellurium  M.  von  Reicheustein  made  the 
observation  that  that  element  dissolves  in  cold  oil  of  vitriol, 
and  colours  the  liquid  amethyst,  and  that  on  the  addition  of 
water  the  tellurium  is  precipitated  in  the  metallic  state. 
Bucholz  obtained  a  deep-blue-coloured  substance  by  distilla- 
tion of  fuming  sulphuric  acid  with  sulphur  ;  at  a  later  time 
the  same  compound  v>\as  obtained  by  Vogel  by  the  direct 
action  of  sulphur  upon  sulphuric  acid  containing  sulphuric 
anhydride. 

Magnus  observed  that  selenium  dissolved  in  oil  of  ^-itriol 
with  the  production  of  an  intensely  green-coloured  liquid, 
but  was  again  precipitated,  for  the  most  part,  on  the  addition 
of  water. 

The  observations  hitherto  made  do  not  alloAV  of  any  conclu- 
sions being  drawn  as  to  the  chemical  nature  of  these  coloured  sub- 
stances. Not  only  does  the  composition  of  these  bodies  remain 
undecided  by  the  recorded  observations,  but  the  very  existence 
of  chemical  compounds  of  sulphur,  selenium,  and  tellurium 
with  the  constituents  of  sulphuric  acid  must  yet  be  regarded 
as  doubtful.  The  view  that  the  coloured  bodies  are  mere 
solutions  of  the  elements  in  acid  derives  support  from  the 
circumstance  that  the  coloured  liquids  are  decomposed  by 
water  with  deposition  of  the  elementaiy  bodies.  In  the  pro- 
secution of  a  research  upon  sulphuric  anhydride  (the  general 
results  of  which  will  be  communicated  hereafter),  I  have  been 
led  to  study  the  action  of  sulphur  and  of  selenium  upon  this 
compound ;  and  I  have  obtained  bodies  of  definite  chemical 
composition  which  dissolve  in  strong  oil  of  vitriol,  as  also  in 
sulphuric  anhydride  (prepared  in  the  ordinary  way),  to  form 
coloured  liquids  which  agree  in  all  essential  particulars  with 
the  substances  obtained  by  the  above-mentioned  chemists. 
The  substances  prepared  by  me  are,  a  new  oxide  of  sulphur,  and 
a  selenium  substitution  product  of  this  oxide. 

Before  stating  the  results  of  my  investigation  it  may  be 
well  to  give  a  slio-ht  historical  sketch  of  the  facts  which  are 
known  concerning  the  blue  sulphur  compound. 

Bucholz  t J  in  1804,  obtained  a  blue  distillate  by  heating  a 
mixture  of  sulphur  and  oil  of  vitriol  in  a  retort.     He  did  not 

*  From  Pogg.  Ann.,  vol.  clvi.  p.  531.    Translated  by  M.  M.  Pattison 
Muir,  The  Owens  College,  Manchester. 

t  Gehleu's  Neues  J.  der  Chemie,  vol.  iii.  p.  7. 
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follow  up  tills  obsorvation,  but  contented  biniself -witli  sliowinfr 
that  the  licpid  fumed  strongly  in  the  air,  smelt  of  sulphurous 
acid,  and  was  decomposed  by  Avater  with  precipitation  of 
sulphur. 

F.  C.  Vogel  *,  who  is  usually  regarded  as  the  discoverer  of 
this  blue-coloured  substance,  was  uAvare  of  the  observation  of 
Bucholz. 

In  1812  this  chemist  prepared  a  blue  substance  by  the 
action  of  sulphur  upon  sulphuric  anhydride,  which  he  had 
obtained  by  heating  fuming  oil  of  vitriol  ;  at  the  same  time 
he  obtained  a  green  and  also  a  broAvn-coloured  liquid,  accord- 
ing as  he  added  smaller  or  larger  quantities  of  sulphur  to  the 
anhydride.  Vogel  looked  on  these  bodies  as  compounds  of  the 
anhydride  with  varAang  pro})ortlons  of  sulphur ;  the  blue 
compound  he  supposed  to  contain  the  smallest,  and  the  brown 
the  largest  quantity  of  sulphur. 

In  repeating  the  experiments  of  Vogel,  Schweigger  j 
obsen'ed  that  the  blue  compound,  obtained  by  the  action  of 
the  vapours  of  heated  oil  of  vitriol  upon  sulphur,  which  was 
contained  in  a  receiver  luted  to  the  retort,  gradually  became 
green  in  colour,  then  brown,  and  was  finally  converted  into 
ordinary  yellow  sulphur. 

BerzeliusJ,  who  formed  his  opinion  as  to  the  nature  of  this 
substance  after  Schweigger's  observations  were  known,  con- 
sidered that  the  blue  liquid  contained  sulphur  dissolved  in,  but 
not  combined  "vnth  the  acid,  and  that  the  substance  obtained 
by  the  action  of  sulphuric  anhydride  upon  sulphur  was  not  an 
oxide  of  sulphur. 

Wach  §  sought  to  determine  the  relative  quantities  of  sul- 
phur and  of  anhydride  in  the  differently  coloured  compounds 
by  heating  weighed  quantities  of  the  constituents  in  sealed 
tubes,  and  observing  the  colours  of  the  products.  The  brown 
compound  was  produced  from  a  mixture  of  one  part  of  sulphur 
with  five  of  anhydride  ;  the  blue,  from  one  part  of  sulphur 
with  ten  of  anhydride.  Inasmuch  as  Wach  did  not  separate 
the  substances  which  he  obtained  from  excess  of  the  materials 
used,  we  cannot  suppose  that  he  was  really  dealing  -with  pure 
compounds  ;  on  distilling  the  coloured  bodies  he  obtained  a 
brown  oily  liquid  which  appeared  to  be  ordinary  oil  of  vitriol. 
Wach's  results  therefore  give  no  answer  to  the  question  con- 
cerning the  composition  of  these  substances. 

*  Schweigger's  J.fiir  Cheniie  u.  Physik,  vol.  iv.  p.  121. 
t  J.  fur  Chein.  u.  Physik,  vol.  xiii.  p.  484. 
X  Lehrbuch,  vol.  i.  p.  485  (Stli  edit.). 
§  Schweigger's  Journal,  vol.  1.  p.  1. 
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W.  Steiu*  agreed  with  Berzelius  iu  regarding  the  blue 
substance  produced  from  sulphur  and  anhydride  as  a  solution 
of  the  former  in  the  latter.  The  blue  colour  he  believed  to 
be  due  to  the  extremely  finely  divided  state  in  which  he  sup- 
posed the  sulphur  to  be  present. 

Preparation  of  the  Blue  Sulphnr  Compomul. 

The  isolation  of  this  compound  is  rendered  possible  by  the 
fact  that  it  is  not  soluble  in  perfectly  pure  sulphuric  anhy- 
dride (prepared  by  careful  distillation  of  the  liquid  which  is 
obtained  by  gently  warming  oil  of  vitriol),  and  that  any  excess 
of  anhydride  may  therefore  be  removed.  Inasmuch  as  the 
compound  is  stable  for  some  time  at  a  temperature  of  10°  or 
15°,  exact  quantities  of  it  may  be  weighed  f)ut  for  analvsis. 
It  is  only  by  using  pure  anhydride  that  the  blue  sulphur 
compound  can  be  obtained  in  definite  shape  ;  ordinary  sul- 
phuric anhydride  (as  will  be  shown  in  a  subsequent  commu- 
nication) is  not  pure. 

When  sulphuric  anhydride,  prepared  without  especial 
precalition,  and  therefore  containing  a  small  quantity  of  the 
hydrate,  is  brought  into  contact  with  sulphur,  the  blue  com- 
pound is  dissolved  as  quickly  as  it  is  formed  in  the  excess  of 
(impure)  anhydride,  from  which  it  cannot  be  separated.  A 
portion  of  the  blue  substance  solidifies  along  with  the  anhy- 
dride, which  is  thereby  more  or  less  deeply  coloured. 

If  perfectly  dry  powdered  sulphur  be  added  in  successive 
small  quantities  to  pure  anhydride,  the  blue  compound  sepa- 
rates in  the  form  of  small  drops,  which,  being  heavier  than 
the  anhydride,  settle  to  the  bottom  of  the  vessel  and  there 
soHdify.  For  the  proper  carr^dng  out  of  this  operation  it  is 
essential  that  the  temperature  be  about  15°,  inasmuch  as 
decomposition  of  the  compound  readily  takes  place  at  higher 
temperatures,  while  at  temperatures  under  15°  the  anhydride 
solidifies.  In  the  solidification  of  the  blue  compound  heat  is 
evolved  sufficient  to  bring  about  partial  decomposition,  unless 
the  temperature  be  maintained  at  a  sufficiently  low  point. 

In  order  to  prepare  pure  sulphuric  anhydride,  the  substance 
obtained  by  heating  fuming  oil  of  vitriol  is  carefully  distilled 
at  as  low  a  temperature  as  possible  ;  the  first  portions  of  the 
distillate  are  I'ejected,  and  those  which  succeed  are  collected 
in  a  receiver  which  fits  closely  to  the  neck  of  the  retort,  and 
which  is  maintained  at  a  temperature  of  about  15°,  care  being 
taken  that  the  distillate  does  not  solidify. 

In  order  to  prepare  the  blue  compound,  small  quantities  of 

*  J.fnr  prald.  Chcnu  vol.  vi,  p.  172. 


analogous  Selenium  Substitution  Product  of  tlie  same.      401 

most  carefully  dried  flowers  of  sulphur  are  successively  added 
to  the  i)ure,  clear,  liijuid  anhydrido  :  fresh  quanlities  of  sul- 
phur must  only  be  added  after  the  first  portions  have  entered 
into  combination  with  the  anhydride,  because  any  excess  of 
sulphur  is  readily  enclosed  by  the  blue  compound  as  it  solidifies, 
and  the  decomposition  of  the  compound  is  thereby  hastened. 
Immediately  that  the  sulphur  comes  into  contact  with  tho 
anhydride  it  dissolves,  with  the  foi'mation  of  deep-blue- 
coloured  liquid  drops,  which  settle  to  the  bottom  of  the  vessel. 
The  operation  may  be  conveniently  carried  out  in  an  ordinary 
conical  glass  covered  with  the  lid  of  a  porcelain  crucible  to 
prevent  the  admission  of  atmospheric  moisture.  After  every 
addition  of  sulphur  the  glass  must  be  agitated,  so  that  the 
drops  which  are  formed  may,  by  striking  against  the  sides  of 
the  vessel,  be  spread  throughout  the  liquid  and  allowed  to 
solidify  in  the  form  of  a  crust  rather  than  in  little  round 
masses,  which  are  more  liable  to  enclose  portions  of  the 
anhydride. 

The  glass  should  from  time  to  time  be  immersed  in  water 
at  a  temperature  of  12°-15°,  in  order  to  prevent  an  nudue 
rise  of  temperature.  When  about  a  gram  of  sulphur  has 
been  added,  and  the  sides  of  the  glass  are  .covered  with  a  thin 
crust  of  the  desired  compound,  the  excess  of  anhydride  (which 
should  remain  colourless)  is  carefully  poured  oft",  the  last  por- 
tion being  removed  by  exceedingly  careful  evaporation,  carried 
out  at  a  temperature  not  exceeding  that  of  the  blood.  The 
solid  substance  is  removed  from  the  glass  by  means  of  a  rod, 
placed  in  a  well-covered  vessel,  and  preserved  in  as  cool  a  place 
as  possible. 

Properties  of  the  Blue  Compound. 

When  dry,  this  compound  forms  a  bluish  green  easily 
friable  crust,  consisting  of  an  aggregate  of  small  papillary 
crystals  which  are  only  visible  with  the  magnifying-lens. 
The  compound  is  liquid  only  at  the  moment  of  its  formation  ; 
it  quickly  solidifies,  and  cannot  be  again  fused  without  under- 
going decomposition.  This  substance  decomposes  slowly  at 
ordinary  temperatures,  and  more  quickly  on  being  heated. 
During  decomposition  sulphur  dioxide  is  evolved  ;  and  if  mois- 
ture be  carefully  excluded,  dry  sulphur  remains.  I  have 
not  noticed  the  evaporation  of  sulphuric  anhydride  during 
the  decomposition  of  this  compound.  The  sulphur  which 
Schweigger  noticed  remaining  in  the  vessel  in  his  experi- 
ments was  not  to  be  traced  simply  to  the  removal  of  anhydride 
which  had  previously  been  combined  with  it,  but  to  the  de- 
composition of  the  blue  compound  attended  with  liberation 

Phil.  Mag.  kS.  5.  Vol.  1.  No.  5.  May  1870.  2  E 


402         Prof.  E.  Weber  on  a  new  Oxide  ofSuljyhur  and  an 

of  sulphur  dioxide.  Tlie  eonclusiou  arrived  at  from  Scliweig- 
^er's  cxperiuients,  viz.  that  the  sulphur  is  merely  dissolved 
in  the  anhydride  without  any  true  chemical  action  taking 
place,  is  not  a  legitimate  conclusion. 

This  compound  decomposes  but  slowly  in  a  cool  place  w  hen 
protected  from  the  action  of  moisture  ;  quantities  required  for 
analysis  may  therefore  be  readily  weighed  out.  The  sub- 
stance readily  withdraws  water  from  moist  air,  and  forms  a 
clear  brown  liquid,  which  by  taking  up  more  water  becomes 
turbid  through  the  de})Osition  of  sulphur.  On  the  addition  of 
cold  water  to  this  body  rapid  decomposition  ensues  m  ith  the 
production  of  sulphur  (which  appears  partly  in  the  plastic 
state,  partly  in  the  finely  divided  form  in  which  it  is  known 
as  milk  of  sulphur),  sulphuric  and  sulphurous  acids,  and  thio- 
sulphuric  acid  or  one  of  the  polythionic  acids  analogous  in  its 
reactions  to  thiosulphuric  acid. 

On  the  addition  of  silver  solution  to  the  liquid,  a  precipitate 
is  obtained  which,  from  being  at  first  yellow,  changes  to  red, 
then  to  brown,  and  finally  to  black. 

Absolute  alcohol,  and  also  anhydrous  ether,  decompose  the 
blue  compound  with  precipitation  of  sulphur  ;  the  behaviour 
of  the  compound  towards  sulphuric  acid  varies  in  accordance 
Avith  the  concentration  of  the  acid. 

Many  of  the  older  obsenations  on  this  compound  are  ex- 
plained by  these  reactions. 

Composition  of  the  Blue  Compound. 

In  order  to  obtain  a  quantity  of  the  compound  for  analysis, 
the  freshly  prepared  substance  was  placed  in  a  small  thin  glass 
tube  provided  with  a  glass  stopper  and  previously  weighed. 
After  weighing,  the  stopper  was  withdrawn,  and  the  tube  was 
placed  in  a  glass  about  80  millims.  in  height,  which  was  fur- 
nished with  a  properly  fitting  glass  stopper  ;  in  this  glass  a 
thin  layer,  about  1  millim.  deep,  of  a  mixture  of  pure  and  of 
fuming  nitric  acid  had  been  previously  placed.  After  inserting 
the  stopper  the  glass  was  inclined  so  that  the  acid  came  into 
contact  with  the  substance,  whereupon  violent  decomposition 
ensued.  The  stopper  was  firmly  held  in  its  place  until  the 
liquid  had  entirely  absorbed  all  the  red  fumes  ;  the  absorption 
was  only  complete  after  12  or  24  hours.  The  contents  of  the 
glass  were  then  diluted  with  water,  and  the  liquid  sepaj-ated 
from  sulphur  by  filtration.  The  sulphuric  acid  in  the  filtrate 
was  precipitated  as  barium  sulphate,  while  the  separated  sul- 
phur was  collected  and  w'eighed.  The  results  of  analyses  carried 
out  in  the  way  described  are  as  follows  : — 
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0-785                 a-151 

Barium 

Sulphate. 

2-112 

Total  porcomtage  of 
feulphm-. 

56-36 

0-851                 0-181 

2-200 

56-94 

0-519                0-114 

1-315 

56-93 

1-038                0-235 

2-633 

57-64 

0-910                0-206 

2-284 

57-26 

The  residue  is  oxygen.  ^^''^^     '     '     '     ^^"^^ 

Tlie  composition  of'  this  substance  is  expressed  by  the  em- 
pirical formula  S2  O3,  which  requires  57*14  per  cent,  of  sul- 
phur. This  substance  is  therefore  an  oxide  of  sulphur  con- 
taining twice  as  much  sulphur  as  the  trioxide.  Hitherto  I 
have  not  been  alilo  to  form  compounds  of  this  substance,  nor 
to  adduce  facts  from  which  an  insight  into  the  constitution  of 
the  body  might  be  obtained.  This  compound  has  not  the 
character  of  an  acid  anhydride,  so  fiir  as  I  have  yet  ascertained; 
it  combines  neither  with  water  nor  with  metallic  oxides,  but 
comports  itself  as  an  indifferent  oxide,  resembling  some  of  the 
oxides  of  nitrogen. 

I  propose  for  this  compound  the  name  of  Sidphur  sesqui- 
o.vide,  or  Dxthlonic  0,1'lde. 

An  insight  into  the  constitution  of  this  compound  may  pos- 
sibly be  obtained  by  studying  its  behaviour  towards  dry  am- 
monia ;  it  is,  however,  difficult  to  obtain  a  definite  product  of 
this  reaction,  inasmuch  as  the  compound  which  appears  to  be  at 
first  formed  suffers  partial  decomposition  on  account  of  the 
heat  produced  in  the  action,  notwithstanding  that  the  tube  be 
carefully  cooled.  A  peach-red-coloured  substance  is  produced 
in  this  reaction;  but  this  body  has  not  yet  been  obtained  alto- 
gether free  from  a  yellow  and  a  wliite  substance  simulta- 
neously produced.  When  a  mixture  of  these  substances  is 
treated  with  water,  sulphur  is  separated,  and  a  solution  is  ob- 
tained which  contains  sulphuric  acid  and  polythionic  acids 
Avhich  show  the  characteristic  reactions  with  silver  salts. 

Behaviour  of  the  Sesqidoxide  toicards  Sulphuric  Acid. 
The  sesquioxide,  as  has  been  already  mentioned,  is  insoluble 
m  pure  sulphuric  anhydride  ;  it  is,  however,  very  readily 
dissolved  by  a  mixture  of  anhydride  and  hydrate,  esen  w^hen 
the  latter  is  present  in  very  small  relative  quantities.  The 
blue  compound  cannot  be  separated  from  such  a  solution. 
Crystals  of  anhydride  separate  from  the  solution  in  asbestos- 
like masses,  which  are  more  often  coloured  Ijy  the  sesquioxide, 
and  which  retain  their  colour  for  a  considerable  time  if  pro- 
tected from  the  air  and  preserved  in  a  cool  place.  The  ses- 
quioxide also  dissolves  in  permanently  liquid  mixtures  of  anhy- 
dride and  hydrate,  forming  blue  solutions  which  preserve  their 
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coloui-  for  weeks  wlien  kept  in  sealed  tubes  in  a  cool  place. 
The  colour  of  those  solutions,  however,  gradually  changes 
from  blue  to  green,  then  to  brown,  and  finally  to  the  appear- 
ance of  ordinary  oil  of  vitriol.  From  solutions  containing  a 
large  quantity  of  sesquioxide  relatively  to  the  amount  of  anhy- 
dride present,  sulphur  is  slowly  precipitated  as  the  colour  of 
the  liquid  changes ;  if,  on  the  other  hand,  the  proportion  of 
anhydride  be  large,  the  solutions  remain  clear.  Sulphurous 
acid  is  an  invariable  product  of  the  decomposition  of  these 
solutions.  If  slightly  fuming  (or  English)  sulphuric  acid  be 
added  in  small  quantities  to  the  blue  liquid  just  described,  the 
colour  changes  to  green,  and,  on  further  addition  of  acid,  to 
brown,  until  finally  sulphur  is  deposited  and  sulphurous  acid  is 
evolved.  Like  changes  of  colour  are  brought  about  by  the  addi- 
tion of  sulphur  in  successive  small  quantities  to  the  blue  liquid. 
By  cooling  the  liquid  which  has  been  saturated  with  sulphur, 
that  element  separates  out,  partly  in  a  crystalline  and  partly  in 
au  amorphous  form.  I  have  found  that  the  brown  liquids  are 
much  less  stable  than  the  blue,  inasmuch  as  they  lose  their 
colour  even  after  24  hours.  Heat  hastens  the  decomposition 
of  the  dissolved  sesquioxide  ;  it  likewise  influences  the  colour 
of  the  solution.  A  cold  solution,  which  was  coloured  brown, 
became  green  when  heated,  but  returned  to  its  original  colour 
upon  cooling.  The  brown  liquid,  obtained  either  by  the  action 
of  hydrated  sulphuric  acid  upon  the  sesquioxide,  or  by  acting 
on  a  solution  of  the  same  body  with  sulphur,  contains  a  larger 
amount  of  sulphur  proportionally  to  anhydride  than  is  found 
in  the  sesquioxide.  A  brown  substance  is  also  produced  by 
the  action  of  the  vapour  of  anhydride  upon  an  excess  of  dry 
sulphur:  this  substance  in  the  dry  state  is  very  unstable.  By- 
allowing  vapours  of  the  anhydride  to.  act  upon  sulphur,  the 
latter  is  momentarily  coloured  brown,  but  the  colour  quickly 
disappears. 

Dry  sulphur  quickly  brings  about  the  decomposition  of  the 
dry  sesquioxide.  I  have  not  been  so  fortunate  as  to  isolate 
this  horn-coloured  substance  ;  and  indeed  I  doubt  whether  it 
is  a  true  oxide  of  sulphur,  but  ratlier  incline  to  the  view  that 
sulphur  behaves  towards  the  blue  sesquioxide  in  a  manner 
similar  to  that  observed  in  the  cases  of  selenium  and  tellurium, 
which,  when  added  to  the  chlorides  of  these  elements,  dissolve 
therein  to  a  large  extent. 

I  have  determined  the  composition  of  the  mixture  of  sul- 
phuric anhydride  and  hydrate,  in  which  the  sesquioxide  dis- 
solves with  the  production  of  a  brown  liquid,  the  colour  of 
which,  on  the  smallest  addition  of  anhydride,  changes  to  blue. 
For  this  purpose  English  sulphuric  acid  was  added  to  a  quan- 
tity  of  the   anhydride,    containing   hydrate,   until   a    small 
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quantity  of  the  blue  sesquioxide,  which  Avas  dissolved  in  con- 
centrated acid,  was  taken  up  by  the  liquid  with  the  production 
of  a  brown  colour.  This  estimation  of  the  sulphuric  acid  con- 
tained in  the  mixture  oavf  the  following  results: — 

Substance  Barium  Sulphate  rercentage  of 

t^ikeu.  obtained.  Sulphuric  Acid. 

l-35()  3-827  84-20 

1-400  3-475  84-32 

The  liquid  therefore  contained  sulphuric  anhydride  and 
water  in  the  proportion  of 

(3  SO3  and  5  Ho  0, 
or  anhydride  and  hydrate  in  the  proportion  of 
iSOsandSHsSO^. 
Such  a  solution  may  be  diluted  to  a  certain  point  without 
losing  the  property  of  dissolving  the  sesquioxide  with  the  pro- 
duction of  a  brown  liquid;  but  if  this  point  be  overstepped,  a 
decomposition  takes  place,  the  liquid  becomes  turbid  and  of 
the  colour  of  ordinary  oil  of  vitriol,  while  sulphur  is  deposited. 
The   analysis  of  such  a  liquid  showed  that  its  composition 
nearly  agreed  with  that  of  the  hydrate  (Ho  SO4). 

The  blue  sesquioxide  is  therefore  dissolved  with  tlie  forma- 
tion of  a  brown  liquid  in  an  acid  mixture  containing  an  excess 
of  anhydride  amounting  to  one  fifth  of  that  contained  in  the 
first  hydrate. 

Acid  mixtures  which  are  richer  in  anhydride  dissolve  the 
sesquioxide  with  formation  of  blue  or  green  liquids,  while 
acids  whose  concentration  corresponds  with  that  of  the  first 
hydrate,  or  is  somewhat  less  than  this,  decompose  the  sesqui- 
oxide with  the  deposition  of  sulphur. 

The  analogous  Selenium  Compound. 

Before  describing  the  results  of  my  experiments,  I  shall 
give,  as  in  the  case  of  the  sulphur  compound,  a  short  histori- 
cal sketch  of  the  work  which  has  been  done  in  connexion  with 
this  substance. 

Magnus  *  first  observed  that  selenium  was  soluble  in  oil  of 
vitriol.  He  stated  that  the  solution  is  coloured  green,  that 
the  selenium  dissolved  as  such,  and  that  it  is  only  upon  warm- 
ing the  liquid,  or  upon  allowing  it  to  remain  in  moist  air,  that 
the  selenium  undergoes  oxidation,  while  sulphurous  and  sele- 
nious  acids  are  evolved.  The  statement,  that  the  selenium  is 
dissolved  without  change,  Magnus  based  upon  the  observation 
that  addition  of  water  to  the  green  liquid  caused  the  deposi- 
tion of  almost  the  whole  of  the  selenium,  while  from  the  liquid 
which  had  been  decolorized  by  boiling,  no  selenium,  or  but  a 
very  small  quantity,  was  thrown  down  by  a  similar  treatment. 
*  Pogg.  A7m.  vol.  X.  p.  491. 
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Fischer*  differed  from  Magnus  in  his  interpretation  of  the 
formation  of  the  green  liquid  ah-eady  mentioned.  He  sup- 
posed that  this  liquid  contained  a  coloured  oxide  of  selenium, 
and  that  the  violet  liquid  obtained  bv  replacing  telhu-ium  for 
selenium,  contained  a  coloured  oxide  of  tellurium  dissolved  in 
acid,  and  that  these  oxides  were  decomposed  by  water  with 
precipitation  of  the  elements  selenium  and  tellurium.  He  did 
not  think  it  probable  that  a  mere  solution  of  these  elements 
should  be  possessed  of  a  colour  so  difterent  from  that  of  the 
elements  themselves;  and  he  further  strengthened  his  position 
by  pointing  out  that  a  considerable  part  of  the  dissolved  tellu- 
rium remained  unprecipitated  on  the  addition  of  water. 

Magnus  t  found  that  about  2  per  cent,  of  the  selenium 
which  had  been  dissolved  was  not  precipitated  by  water.  The 
strife  as  to  the  nature  of  this  selenium  solution  has  not  hitherto 
been  brought  to  an  end,  because  no  direct  proof  could  be 
brought  forward  by  either  side,  and  also  because  no  coloured 
oxide  of  selenium  was  known.  By  the  action  of  selenium 
upon  pure  sulphuric  anhydride,  I  have  succeeded  in  obtaining 
a  compound  analogous  to  dithionic  oxide,  in  which  one 
atom  of  sulphur  is  replaced  by  one  atom  of  selenium.  This 
substance  dissolves  in  fuming  and  also  in  English  oil  of  vitriol, 
with  the  production  of  a  deeply  green-coloured  liquid,  which 
is  possessed  of  the  properties  of  the  coloured  liquids  which 
have  been  ah'eady  mentioned. 

Preparation  of  the  Compound. 

The  behaviour  of  selenium  towards  ordinary  sulphuric  an- 
hydride is  similar  to  that  of  sulphur :  it  dissolves  easily 
therein  ;  but  the  compound  which  is  produced  cannot,  any 
more  than  the  dithionic  oxide,  be  separated  from  this  solution. 
In  the  pure  anhydride  (prepared  as  I  have  already  described) 
selenium  is  graduallv  converted  into  a  dark  green  viscid  tar- 
like  mass,  which  is  denser  than  the  anhydride.  By  main- 
taining a  temperature  of  15°  to  17°  C,  and  using  a  small 
quantity  of  selenimn,  the  production  of  this  substance  is  ac- 
companied by  the  evolution  of  but  a  very  small  quantity  of 
sulphurous  acid,  formed  by  the  partial  decomposition  of  the 
substance.  The  tarry  drops  of  the  selenium  compound  do  not 
dissolve  in  an  excess  of  anhydride,  which  remains  micoloured, 
and  can  be  separated  by  decantation.  Inasmuch  as  heat  is 
produced  in  this  reaction,  means  must  be  adopted  for  cooling 
the  anhydride,  without,  however,  causing  its  solidification. 
The  anhydride  used  in  the  preparation  of  the  compound  was 
contained  in  a  glass  tube  about  0  milluns.  wide ;  small  pieces 
of  porous  selenium  were  successively  dropped  into  the  tube, 

*  Pogg.  Ann.  vol.  xii.  p.  153,  vol.  xvi.  p.  118.    t  Ibid.  vol.  xiv.  p.  328. 
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■\vliicb  was  covered  with  a  porcelain  crucible-lid.  The  selenium 
absorbs  the  anhydride  somewhat  more  slowly  than  sul[)hur 
does.  A  fine  glass  rod  is  used  for  determining  whether  any- 
little  particles  of  selenium  remain  miacted  upon.  When  the 
whole  of  the  selenium  is  combineil  with  the  anhydride,  the 
excess  of  the  latter  is  jioured  off,  the  last  particles  being  re- 
moved by  the  ajiplication  of  a  gentle  heat  in  the  manner 
already  described.  Decomposition  of  the  compound  may  bo 
caused  during  the  heating ;  but  inasmuch  as  the  selenium  is 
more  stable  than  the  sulphur  compound,  this  source  of  error 
is  not  to  be  so  greatly  feared. 

The  substance  which  has  been  thus  prepared  forms  a  solid 
crust,  which  strongly  adheres  to  the  glass.  It  is  removed  by 
means  of  a  rough  glass  rod,  and  quickly  brought  into  a  carefully 
enclosed  flask,  or  better,  into  a  glass  tube,  which  is  then  sealed. 

Properties. 
In  the  moment  of  its  preparation  this  compound  is  tar-like 
and  viscid.  Upon  the  removal  of  excess  of  anhydride  it  fonns 
a  solid  crust,  which,  under  the  magnifying-lens,  is  seen  to 
consist  of  a  mass  of  minute  prismatic  crystals.  In  the  com- 
pact form  this  compound  is  of  a  dirty  green  colour ;  in  the 
state  of  powder,  as  it  is  obtained  by  rubbing  together  the 
crust  with  a  glass  rod  (of  course,  in  the  absence  of  moisture), 
its  colour  is  yellow.  The  compound  is  more  stable  than 
dithionic  oxide ;  it  may  be  preserved  in  sealed  glass  tubes, 
and  may  even  be  gently  heated  without  decomposition.  Like 
the  sulphur  compound,  it  cannot  be  fused  after  the  first  solidi- 
fication ;  at  a  high  temperature  it  is  decomposed,  with  the 
evolution  of  sulphurous  and  selenious  acids,  and  deposition  of 
selenium.  This  compound  is  insoluble  in  pure  sulphuric  an- 
hydride ;  it  is,  hovrever,  soluble  in  fuming,  in  English,  and  in 
somewhat  dilute  sulphuric  acid.  The  addition  of  water  causes 
a  violent  reaction,  resulting  in  the  deposition  of  selenium  in 
the  formof  a  coherent  mass,  and  in  the  production  of  sulphuric, 
sulphurous,  and  selenious  acids,  which  remain  in  solution. 

Composition. 
The  quantities  of  sulphur  and  of  selenium  in  the  compound 
were  estimated  by  decomposing  A^-ith  water  a  weighed  quantity 
contained  in  a  little  stoppered  flask,  and  placed  within  a  larger 
flask,  also  stoppered.  When  the  action  was  complete,  the 
precipitated  selenium  was  collected  on  a  weighed  filter;  and  to 
this  was  added  the  small  quantity  of  selenium  which  was 
thrown  down  from  the  filtrate  on  the  addition  of  annnonium 
sulphite.  In  the  liquid  thus  freed  from  selenium,  sulj)hurous 
acid  was  oxidized  to  sulphuric  by  means  of  a  little  pure  fuming 
nitric  acid,  and  barium  chloride  was  added  so  long  as  a  preci- 
pitate was  obtained.    The  following  numbers  were  obtained; — 
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Selenium-Estimation. 


Substance 
taken. 

Selenium. 

Selenium 
per  cent. 

1-428 

0-695 

48-67 

0-930 

0-455 

48-87 

0-682 

0-332 

48-68 

1-855 

0-926 

48-43 

1-230 

0-609 

49-51 

Mean     .     .     . 

49-03 

Sulphur-Estimation. 

Substance 

Barium 

Sulphur 

taken. 

Sulphate. 

per  cent. 

1-120 

1-581 

19-40 

0-916 

1-327 

19-91 

0-940 

1-333 

19-49 

0-839 

1-225 

20-06 

Mean     .     .     .     19-71 
The  composition  of  this  substance  may  be  expressed  by  the 
empirical  formula  SeSOs,  which  requires 

Selenium  .  .  49-68  per  cent. 
Sulphur.  .  .  20-12  „ 
This  body  is  therefore  a  compound  analogous  to  dithionic 
oxide,  in  which  one  atom  of  sulphur  is  replaced  by  one  atom 
of  selenium.  These  compounds  are  produced  by  the  imme- 
diate addition  of  one  atom  of  sulphur,  or  of  selenium,  to  sul- 
phuric anhydride. 

The  products  obtained  from  each  by  decomposing  them 
with  water  show  that  the  collocation  of  the  atoms  is  the  same 
in  each.  In  both  cases  the  chief  prodl^ct  is  sulphuric  acid, 
accompanied  by  sulphurous  acid  ;  in  the  decomposition  of  the 
selenium  compound  selenious  acid  is  also  produced ;  and  in  the 
decomposition  of  the  sulphur  compound,  hyposulphurous  acid 
or  one  of  the  polythionic  acids  is  formed.  The  largest  por- 
tions of  the  elements,  sulphur  or  selenium,  are  separated  as 
such  on  the  addition  of  water.  The  constitution  of  this  sub- 
stance can  only  be  guessed  at,  inasmuch  as  it  has  not  been 
possible  to  obtain  compounds  derived  from  it. 

Although  ammonia  reacts  with  this  compound  with  the 
production  of  a  brown-red  substance,  yet,  on  account  of  the 
energy  of  the  reaction  (notwithstanding  that  the  containing 
vessel  was  carefully  cooled),  it  has  not  been  possible  to  obtain 
this  substance  in  a  definite  form. 

Sehavionr  toivards  Sulphuric  Acid. 
The  selenium  compound  is  insoluble  in  excess  of  pure  sul- 
phuric anhydride;  but  it  is  dissolved  by  anhydride  containing 
hydrate,  with  the  formation  of  an  intensely  green  liquid,  from 
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■svliic'li  it  cannot  be  again  precipitated.  If  the  solvent  contains 
so  much  anhydride  that  crystals  are  formed  on  cooling,  these 
crystals  are  more  or  less  coloured  by  the  green  selenium  com- 
pound. The  yellow  powder  dissolves  in  fuming  sul])huric 
acitl,  forming  a  green  liquid,  which  comports  itself  similarly 
to  a  solution  of  selenium  in  the  same  solvent.  This  li(piid, 
if  preserved  out  of  contact  with  moisture,  retains  its  colour : 
it  is  decomposed  by  water  with  deposition  of  the  greater  part 
of  the  dissolved  selenium,  94  to  9G  parts  of  selenium  being 
precipitated  for  every  100  parts  dissolved. 

The  solutions  are  decolorized  b}'  treatment  with  solution  of 
sul})hurous  acid,  with  oxidation  of  selenium  to  selenious  acid. 

That  the  colour  of  green  solutions  of  selenium  in  sulphuric 
acid  is  due  to  the  formation  of  the  compound  SeSOs,  and 
subsequent  solution  of  the  same,  is  shown  by  the  fact  that 
selenium  is  not  dissolved  by  cold  English  sulphuric  acid, 
Avhile  the  compound  SeSOa  is  dissolved  by  this  acid  with  the 
fonnation  of  a  green  liquid.  While  dithionio  oxide  is  decom- 
posed by  the  first  hydrate  of  sulphuric  acid  with  deposition  of 
sulphur,  the  analogous  selenium  compound  is  dissolved  by  this 
hydrate,  and  even  l:»y  an  acid  somewhat  more  dilute  than  this; 
there  is  a  point  of  dilution,  however,  at  which  decomposition 
takes  place.  By  careful  addition  of  dilute  acid  to  the  green 
solution,  it  is  possible  to  obtain  a  brown  liquid  corresponding 
with  that  obtained  from  a  solution  of  the  sulphur  compound. 
This  brown  liquid  is  decomposed  by  further  dilution,  by 
warming,  or  spontaneously  after  a  lapse  of  some  time ;  the 
decomposition  is  accompanied  by  the  deposition  of  red  sele- 
nium. The  selenium  compound  dissolves,  with  the  production 
of  a  brown-coloured  liquid,  in  sulphuric  acid  of  1*806  speciiic 
gravity,  containing  about  88  per  cent,  of  the  first  hydrate.  In 
acid  of  1*761  specific  gravity,  containing  about  83  per  cent,  of 
the  same  hydrate,  the  compound  also  dissolves;  but  the  brown 
liquid  so  produced  soon  suffers  decomposition,  with  deposition 
of  selenimii. 

The  author  is  engaged  with  an  investigation  of  the  com- 
pounds produced  by  the  action  of  tellurium  and  of  iodine 
upon  sulphuric  anhydride. 

XLIX.  Notices  respecting  Neiv  Books. 

A  Manual  of  Qualitative  Chemical  Ajialysis.  By  "William  Dittmab, 
Professor  of  Chemistry  in  Anderson^s  University,  Glasgow.  Edin- 
burgh :  Edmonston  &  Douglas.  1S7G. 

TT  was  said  of  Whewell  that  he  had  one  failing — omniscience. 

■*-     In  so  far  as  the  subject  mattei-  of  this  book  is  concerned,  the 

author  appears  to  suffer  inider  a  similar  calamity. 

The  book  contains  too  much  information — too  much,  that  is,  for 
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the  purposes  of  the  ordinary  chemical  student.  In  the  introduction 
it  is  set  forth  that  "  this  book  is  intended  for  the  use  of  students 
who,  after  they  have  mastered  the  first  rudiments  of  chemistry, 
enter  a  laboratory  to  work  under  a  teacher,  while  at  the  same  time 
they  continue  their  stmhj  of  theoretical  chemistry T  (The  italics  are 
the  author's.)  The  student  who,  fresh  from  his  mastery  of  the  first 
rudiments  of  chemistry,  enters  a  laboratory  with  this  book  as 
his  guide,  even  if  its  teaching  be  supplemented  by  that  of  a 
chemical  tutor,  would,  we  should  imagine,  before  long  devoutly 
wish  that  he  had  never  set  foot  in  such  a  labyrinth  as  that  of 
qualitative  analysis,  to  lead  him  out  of  or  through  which  there 
appears  to  be  no  clue. 

Such  a  multitude  of  facts  concerning  the  reactions  of  metals 
and  of  acids  are  in  this  book  presented  to  the  bewildered  gaze  of 
the  student,  in  the  separation  of  each  group  so  many  courses  are 
open  to  him,  that  he  must  be  either  bold  almost  to  rashness,  or 
possessed  already  of  a  large  stock  of  chemical  knowledge,  who 
would  venture  to  adopt  one  method  in  preference  to  another,  or 
(to  v;se  the  language  of  the  author)  from  those  which  are  "  poten- 
tially "  applicable  to  choose  that  which  is  "  substantially  "  the  best. 
The  style  in  which  the  work  is  written  is  peculiar.  Simplicity 
would  appear  to  be  in  the  author's  eyes  the  unpardonable  sin. 
Such  expressions  as  "  the  solution  potentially  contains  such  and 
such  metals,  but  svxbstantially  consists  of,"  the  "  complex  of 
metals,"  "in  the  heat"  as  opposed  to  "in  the  cold,"  &c.,  grate 
upon  the  ear  of  the  English  reader. 

As  an  example  of  that  \^'ant  of  straightforward  simplicity  for 
which  we  blame  the  author,  Ave  might  refer  to  par.  464,  p.  277,  in 
which  the  reactions  of  prussic  acid  are  detailed.  This  acid  is 
usually  called  hydrocyanic,  and  its  fornuila  is  written  HCN :  in 
one  part  of  the  paragraph  in  question  the  usual  name  is  employed, 
in  another  the  name  ojanhyclric.  Sometimes  the  formula  is  written 
NCH,  sometimes  HNC.  Of  course  these  are  but  small  things ; 
nevertheless  to  the  ordinary  student  these  little  changes  of  name 
and  formulae,  \A-hen  made  for  no  apparent  reason,  are  perplexing, 
and  only  perplexing. 

What  does  the  author  mean  by  calling  glass  an  alloy  of  alkalme 
silicates  with  silicates  of  other  metals  ?  Such  a  use  of  the  name 
alloy  is  not  sanctioned,  so  far  as  \\e  are  aware,  by  any  of  our 
standard  writers  on  Cliemistry.  Again,  the  phrase  ''hydrogen 
salt  of  an  acid  "  is  used  as  s\monymous  with  the  acid  itself.  Of 
course  the  term  salt  may  be  used  to  include  acids ;  but  if  we  speak 
of  the  salt  of  an  acid  the  phrase  seems  to  apply  to  a  derivative  of 
that  acid  ;  if,  however,  it  means  the  acid  itself,  then  we  are  calling 
a  substance  and  a  derivative  of  that  substance  by  the  same  name. 
"We  mean  to  indicate  one  thing,  but  are  implying  the  existence^  of 
two.  The  application  of  such  a  name  as  "  Native  nitrogenized 
carbides "  to  the  organic  alkaloids,  will,  we  think,  amaze  many 
chemists. 

When  the  student  is  told  that  he  must  test  the  reagents  which 
are  to  be  used  in  any  given  process,  he  is  directed  to  make  an 
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experiment  mi  hlanc ;  when  he  is  to  prepare  a  special  reagent  for 
a  special  test,  he  is  told  to  prepare  tliat  reagent  e.v  tempore.  But 
perha2)s  it  is  scarcely  fair  to  condemn  tlie  style  of  a  book  which  is 
not  written  in  the  native  tongue  of  the  author.  The  well-known 
skill  of  Mr.  Dittmar  as  an  analyst  is  a  guarantee  of  the  general 
correctness  of  the  methods  given  in  the  book.  In  the  statement 
of  so  many  reactions  it  is  almost  impossible  that  no  mistake  should 
occur.  On  page  229  the  action  of  nitric  upon  hydrochloric  acid 
is  said  to  produce  the  substance  XOCl, ;  Tildeu  has,  lio\\'ever, 
shown  that  no  such  substance  exists,  and  that  the  reaction  in  ques- 
tion retsults  in  the  formation  of  NOCl. 

Hitherto  we  have  been  looking  at  the  work  before  us  as  a  text- 
book for  the  ordinary  chemical  student.  If,  however,  we  view  it  as 
«,  book  of  reference  for  the  x^vj  advanced  student,  or  for  the 
chemical  teacher,  it  must  appear  worthy  of  the  highest  praise.  In 
no  other  English  manual  is  there  gathered  together  such  stores  of 
information  on  all  matters  connected  directly  or  indirectly  with 
chemical  analysis ;  nowhere  are  the  difficulties  which  beset  the 
complete  analysis  of  a  complex  substance  so  fully  pointed  out  and 
so  carefully  guarded  against.  In  no  book,  we  may  add,  is  there 
presented  so  complete  a  scheme  of  analysis  for  detecting  the  non- 
metallic  radicals.  The  reader  is  directed  in  the  right  way;  but  it  is 
left  to  himself  whether  he  shall  walk  in  it  or  not.  This  want  of 
authoritative  instruction,  while  rendering  the  book  uusuited  to  the 
ordinary  student,  makes  it  admirably  adapted  for  bringing  out  any 
latent  power  of  scientific  reasoning  which  maybe  possessed  by  the 
more  advanced  analyst. 

The  author  has  not  contented  himself  with  detailing  the  ordinary 
methods  of  analysis  ;  he  has  brought  together  a  host  of  facts 
about  the  general  reactions  of  classes  of  chemical  substances, 
metallic  and  non-metallic ;  and  from  these  reactions  he  has 
sketched  out  methods  of  analysis  which  are  theoretically,  and,  we 
should  suppose,  in  general  practically  available.  From  his  ovm 
view-point,  which  includes  the  whole  range  of  analytical  reactions, 
it  cannot  be  biit  that  the  author  should  see  difficidties  in  the  ap- 
pHcatiou  of  almost  every  method.  These  difficulties  he  has  nowhere 
attempted  to  hide.  Where  he  can  suggest  a  method  for  over- 
coming them  he  makes  such  a  suggestion  ;  otherwise  he  leaves 
them  to  be  overcome,  if  possible,  by  the  student  himself.  To  the 
truly  scientific  analyst  who  has  already  an  extensive  knowledge  of 
chemical  reactions  and  general  principles,  this  book  \\ill  be  simply 
invaluable ;  but  to  the  student  it  will  be  distracting. 

L.  Intelligence  and  Miscellaneous  Articles. 

THE  INFLUENCE  OF  TEMPEEATUEE  ON  MAGNETIZATION. 
BY  3.-M.  GAUGAIN. 

T  HAD  the  honour  of  presenting  to  the  Academy  the  results  of 
-*-  some  previous  researches  on  this  subject,  in  a  Note  inserted  in  the 
Coniptes  liendus,  Feb,  1,  1875,  which  I  will  briefly  recapitulate ; — ■ 
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1.  If  a  steel  bar  be  put  in  contact  with  the  pole  of  a  raaguet,  and, 
for  a  point  M  of  the  bar,  the  value  of  the  current  of  demagnetiza- 
tion at  the  ordinary  temperature  be  determined,  and  the  bar  be 
afterwards  slightly  heated  with  a  spirit-lamp,  the  value  of  the  de- 
magnetizing current  corresponding  to  the  point  M  is  found  to  be 
very  notably  augmented. 

2.  AVhen  the  bar  is  allowed  to  cool  in  contact  with  the  magnet, 
the  magnetization  does  not  retrograde,  but  receives  a  slight  incre- 
ment. 

3.  "When  the  bar  has  returned  to  the  ordinary  temperature, 
removing  it  from  the  magnet  for  a  few  moments  is  sufficient  to 
cause  a  portion  of  the  increment  resulting  from  the  heating  to  dis- 
appear :  when  contact  bet\^■een  the  magnet  and  bar  is  reestablished, 
we  do  not  find  the  same  total  magiietism  as  before  contact  was  broken. 

The  new  facts  which  I  have  ascertained  are  as  follows  : — 

4.  Wlien  the  steel  bar  put  in  contact  with  the  magnet,  instead  of 
being  very  moderately  heated,  has  its  temperature  gradually  raised 
until  it  assumes  the  blue  tint,  the  magnetism  at  first  rises,  reaches 
a  maximum,  and  then  retrogrades.  In  a  series  of  experiments  upon 
a  bar  of  24  centims.  length  and  10  millims.  diameter  I  ascertained 
that,  when  one  end  of  the  bar  was  put  in  contact  with  the  pole  of 
a  magnet,  the  total  magnetism  of  the  middle  point  was  represented, 
at  the  surrounding  temperature,  by  the  number  41*6;  on  gradually 
heating  the  bar,  I  found  that  the  magnetism  took  in  succession  the 
values' 44,  51,  55-2,  b2,  52-8,  52-1,  .50,  4S-5,  48,  48. 

5.  AVhen,  after  being  strongly  heated,  the  bar  is  left  in  contact 
with  the  magnet  during  the  whole  tiuie  of  cooling,  the  total  mag- 
netism is  augmented  in  proportion  as  the  bar  cools  ;  and  on  its 
arrival  at  the  surrounding  temperature,  the  magnetism  retains  a 
value  much  superior  to  that  which  it  had  before  the  heating.  In 
the  series  of  experiments  just  now  mentioned  the  value  of  the  total 
magnetization  was  63-2  after  the  heating,  while  before  it  was  only 
41-6. 

6.  We  have  seen  above  (4)  that  when  the  temperature  of  the  bar 
exceeds  a  certain  limit,  its  total  magnetism  diminishes,  instead  of 
continuing  to  increase.  One  might  infer  from  this  that  the  mag- 
netization of  the  bar  brought  back  to  the  ordinary  temperature  would 
likewise  be  less,  if  the  temperature  to  which  it  was  raised  exceeded 
the  limit  of  which  I  have  just  spoken.  I  have  proved  that  it  is  not 
so.  The  total  magnetization  of  the  bar,  restored  to  the  ordinary  tem- 
perature, is  the  greater  the  more  the  bar  has  been  heated,  at  least 
provided  its  highest  temperature  was  below  that  which  gives  to  steel 
the  blue  tint. 

7.  When  the  bar  has  returned  to  the  ordinary  temperature,  it 
suffices,  as  I  have  said  (3),.  to  suppress  contact  between  the  magnet 
and  the  bar  for  a  few  seconds  in  order  to  cause  the  loss  of  a  part 
of  the  increment  of  magnetism  resulting  from  the  heating — but  only 
a  part ;  even  after  breaking  contact  the  total  magnetization  remains 
greater  than  before  the  heating ;  and  I  have  verified,  in  a  great 
number  of  experiments,  that  the  increase  of  magnetism  is,  at  least 
approximately,  equal  to  the  increment  of  the  permanent  magnetism. 
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In  all  tliose  last  experiments  tiio  magnetization  Mas  effected  liy 
putting  one  extremity  of  the  bar  in  contact  with  the  pole  of  a 
magnet ;  but  I  have  ascertained  that  the  results  are  absolutely  the 
same  Avheu  one  extremity  of  the  bar  is  introduced  into  an  induction- 
coil  traversed  by  a  current. 

These  new  facts  cainiot  be  explained  in  so  simple  a  manner  as 
those  which  I  previously  made  known  (nos.  1,  2,  3).  'J^'hese  latter 
can  be  accounted  for,  as  1  have  intimated,  by  considering  only  the 
variations  of  the  coercive  force  which  result  from  the  variations  of 
the  temperature.  When  this  is  raised,  the  coerci\e  force  is  lessened 
and  the  magneiism  will  be  augmented,  supposing  the  magnetizing 
force  and  the  antagonistic  molecular  force  to  preser^-e  sensibly  the 
same  values  between  the  limits  of  temperature  considered.  AV^hen 
the  bar  is  cooled  Ihe  coercive  force  increases  ;  but  as  it  is  a  passive 
force,  it  cannot  impress  upon  the  molecules  a  movement  inverse  to 
that  which  they  executed  during  the  heating.  The  acquired  mag- 
netism should  therefore  persist ;  and  we  have  seen  (no.  2)  that  in 
fact  there  is  no  retrogression  during  the  cooling.  This  non-retro- 
gression appears  to  me  to  characterize  the  coercive  force  ;  for  if  that 
force  did  not  exist  and  the  molecules  were  solicited  exclusively  by 
the  active  forces,  the  magnetism  would  be  the  same  during  the 
heating  and  during  the  cooling  when  the  bar  passed  through  the 
same  temperatures. 

To  account  for  the  facts  nos.  4,  5,  and  6,  it  appears  to  me  indis- 
pensable to  have  recourse  to  other  considerations.  No.  4  would  be 
explained  by  admitting  that  the  magnetizing  force  diminishes  when 
the  temperature  rises  ;  and  this  is  a  point  generally  admitted.  But 
to  account  for  nos.  5  and  0  it  seems  necessary  to  introduce  a  new 
hypothesis,  which  consists  in  supposing  that,  when  the  superficial 
layers  of  a  steel  bar  are  heated  sufficiently  to  be  incapable  of 
receiving  any  further  notable  magnetization,  they  permit  the  deeper 
layers  (which  were  not  magnetized  at  all  at  the  ordinary  tempera- 
tui'e)  to  I'eceive  a  certain  degree  of  magnetization.  This  hypothesis 
admitted,  facts  5  and  6  are  explained :  the  total  magnetization  o£ 
the  bar,  after  complete  cooling,  is  the  greater  the  more  the  bar  has 
been  heated,  because  the  number  of  layers  which  partake  of  the 
magnetization  increases  with  the  temperature  ;  the  superficial  layers, 
according  to  the  hypothesis,  are  not  sensibly  magnetized  as  long  as 
the  bar  is  strongly  heated ;  but  they  receive  magnetism  when  the 
bar  is  sufficiently  cooled  ;  and  this  magnetism  is  added  to  that  of 
the  deeper  layers. 

If  one  admits  that  the  magnetizing  force  exerted  by  the  current 
of  an  induction-coil  upon  a  steel  bar  diminishes  when  the  tempera- 
ture of  the  bar  rises  above  a  certain  limit,  one  can  hardly  refuse  to 
admit  that  reciprocally  the  inducmg  action  exerted  by  the  bar  upon 
the  closed  circuit  of  a  coil  surrounding  it  must  equally  diminish 
when  the  temperature  increases  beyond  the  same  limit.  Therefore, 
even  if  in  this  case  the  orientation  of  the  molecules  should  be  in- 
variable, the  demagnetizing  current  must  diminish ;  and  as  this 
current  serves  me  for  measuring  the  magnetization,  the  magnetiza- 
tion must  itself  undergo  an  apparent  diminution.     This  variation 
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of  the  iiuluctive  force  must  contribute  a  certain  share  to  the  decrease 
of  magnetism  o.scertaincd  during  the  heating  (4),  and  to  the  increase 
ascertained  daring  the  cooUng(5);  and  the  same  variation  may  also 
explain  other  facts,  which  I  propose  to  discuss  in  a  sequel  to  the 
present  memoir, — Comj^tes  liemhis  de  VAcaiUmie  des  Sciences,  vol. 
Ixxxii.  pp.  685-688. 


PRELIMINARY  NOTE  ON  PHOTOGRAPHING  THE  LEAST-REFRACTED 
PORTION  OF  THE  SOLAR  SPECTRUM.  BY  CAPT.  W.  DE  W.  ABNEY, 
R.E. 

"Within  the  last  two  years  there  have  been  many  attempts  made 
to  photograph  the  least-refrangible  rays  of  the  spectrum  ;  and 
though  stated  to  have  been  accomplished  by  the  elder  Draper  on  a 
daguerreotype  plate  in  the  early  days  of  photography,  yet  there  is 
reason  to  believe  that  this  was  effected  by  the  reversing  action  of 
these  rays  on  slightly  exposed  sensitive  iodide  of  silver,  and  that 
really  no  direct  photographic  impression  had  been  obtained  till  Dr. 
Vogel  published  au  account  of  a  method  for  effecting  this  object 
in  187-i.  More  recently,  Capt.  Waterhouse,  of  the  Bengal  Staff 
Corps,  has  followed  up  Dr.  Yogel's  researches,  and  with  a  larger 
share  of  success  than  the  originator.  Both  these  gentlemen  have 
had  resort  to  aniline  dyes  of  varying  colour,  using  them  with  the  pre- 
servative to  the  plate ;  and  they  state  that  the  red  end  of  the 
spectrum  is  most  sensitive  when  a  red  dye  (naphthaline)  or  rosine 
is  employed,  and  propound  generally  that  the  rays  that  can  be 
photographed  are  dependent  on  the  colour  of  the  dyes  employed : 
that  colour,  and  not  the  ingredient  added  to  the  sensitive  silver 
salt,  is  the  essential. 

Lately  I  have  had  occasion  to  investigate  the  subject,  and  have 
met  with  such  good  results  that  I  desire  to  communicate  a  prelimi- 
nary Note  to  the  Society.  I  have  carefully  repeated  the  previous 
experiments  of  Vogel  and  Waterhouse,  and  only  attained  partial 
success  with  them,  though  there  was  sufficient  evidence  to  show 
that  with  the  dyes  the  desired  end  would  be  attained.  Looking 
more  carefully  into  the  chemistry  of  the  question,  however,  it  struck 
me  that  the  same  results  might  be  obtained  by  other  means  than 
colour ;  and  experiments  were  undertaken  with  a  large  series  of 
gum-resins  and  other  oxidized  hydrocarbons  (added  to  ordinary 
collodion),  some  colourless  and  some  not.  With  every  gum-resin 
was  obtained  a  considerable  extension  of  the  photographic  spectrum 
below  the  lines  b  ;  and  at  length  I  procured  a  resin  forming  with 
silver  a  perfectly  Avhite  compound  that  seems  to  be  capable  of 
taking  an  image  far  below  the  line  A.  At  present,  1  find  that  the 
longer  the  exposure  given,  the  greater  the  length  of  the  spectrum 
impressed;  and  I  believe  that,  with  patience,  a  very  large  part  of 
the  absorption-lines  lying  beyond  that  point  may  be  registered,  as 
I  have  obtained  impressions  which  are  constant  in  each  plate  ex- 
posed. The  past  winter  has  been  of  a  most  unsatisfactory  nature 
for  this  kind  of  work,  and  it  is  only  at  long  intervals  that  I  have 
been  enabled  to  catch  the  sun  for  this  purpose.      I  am  earnestly 
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looking  forward  to  brighter  sunsliine,  when  I  have  not  the  least 
doubt  that  1  shall  obtain  sharp  tiduciary  lines  in  the  ultra-red. 
The  addition  of  any  colour  to  the  preparations  has  been  any  thing 
but  beneficial,  retarding  the  action  greatly ;  and,  from  what  is 
apparent,  the  virtue  of  the  dyes  used  consists  simply  in  the  fact 
that  they  are  hydrocarbons  of  some  kind,  probably  combined  with 
the  faint  traces  of  silver  always  left  in  the  film  of  the  sensitive 
plate. 

Experiments  with  potassium  bichromate  have  also  been  under- 
taken ;  and  the  result  sho\^'s  that  (where  partially  insolated)  the 
rays  which  usually  have  no  effect  on  the  sensitive  compound  are 
capable  of  continuing  the  action  set  up,  as  I  pointed  out  in  the 
year  1872.     Iron  and  uranium  have  also  yielded  prolonged  spectra. 

The  first  experiments  were  carried  out  with  a  single  prism  of 
G0°,  and  a  lens  to  the  camera  of  4-feet  focus  ;  the  later  experi- 
ments have  been  made  \^T.th  a  direct- vision  spectroscope  of  9 
prisms,  being  equivalent  to  about  three  single  prisms,  and  with  4 
prisms  in  battery.  The  same  camera  and  object-glass  have  been 
employed. — Monthly  Notices  of  the  Royal  Astyonomical  Society, 
March  1876. 


ON  THE  OCCURRENCE  OF  PHOSPHATES  IN  THE  CAMBRIAN  ROCKS. 
BY  HENRY  HICKS,  ESQ.,  F.G.S. 
In  this  paper  the  author  showed  from  experiments  that  the  Cam- 
brian strata  in  Wales  contain  a  far  greater  amount  of  phosphate  and 
carbonate  of  lime  than  had  hitherto  been  supposed.  The  results 
pubhshed  by  Dr.  Daubeny  some  years  ago,  and  which  have  since  re- 
ceived the  support  of  some  eminent  geologists,  were  therefore  proved 
to  be  entirely  fallacious  when  taken  to  represent  the  whole  Cambrian 
series ;  for  though  some  portions  show  only  a  trace  of  these  ingre- 
dients, there  arc  .other  beds  both  interstratified  with  and  underlying 
these  series,  which  contain  them  in  unusually  large  proportions.  The 
author  therefore  objects  to  look  upon  Dr.  Daubeuy's  experiments  as 
tending  in  any  way  to  prove  that  the  seas  in  which  these  deposits 
had  accumulated  contained  but  little  animal  Hfe,  and  that  we 
here  approach  the  borders  of  the  lower  limit  of  organic  existence. 
He  contended  that  the  presence  of  so  much  phosphate  of  lime,  and 
also  of  carbonate  of  lime,  as  was  now  proved  by  analyses  made  by 
Mr,  Hudleston,  F.C.S.,  Mr.  Hughes,  F.C.S.,  and  himseK  to  be 
present  in  series  of  considerable  thickness  in  the  Longraynd  group, 
Menevian  group,  and  Tremadoc  group,  showed  that  animal  life  did  exist 
in  abundance  in  these  early  seas,  and  that  even  here  it  must  be  con- 
sidered that  we  were  far  from  the  beginning  of  organic  existence. 
The  amount  of  phosphate  of  lime  in  some  of  tlie  beds  was  in  the  pro- 
portion of  nearly  10  per  cent.,  and  of  carbonate  of  lime  over  40  per 
cent.  The  proportion  of  phosphate  of  lime,  therefore,  is  greater  than 
is  found  in  most  of  what  have  been  considered  the  richest  of  recent 
formations.  The  amount  of  PgO,  was  also  found  to  increase  in  pro- 
portion to  the  richness  of  the  deposit  in  organic  remains.     It  was 
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found  that  all  animal  and  vegetable  life  had  contained  it  from  the 
very  earliest  time  ;  bxit  it  was  apparent  that  the  Crustacea  were  the 
chief  producers  of  it  in  the  early  seas,  and  of  the  Crustacea  the 
trilobites  more  particularly.  It  was  always  found  where  they  were 
present,  and  the  shells  of  some  of  the  larger  trilobites,  as  now  pre- 
served, contained  as  much  as  from  40  to  50  per  cent,  of  phosphate  of 
lime.  The  analyses  made  by  Mr.  Iludleston  and  the  author  of 
recent  Crustacea  proved  that  they  also  contain  P^O^  in  very  consider- 
able proportions. 

In  the  second  part  of  the  paper  the  author  showed  that  where 
intrusive  dykes  had  passed  through  or  between  the  beds  containing 
the  phosphate  of  lime,  the  beds  for  some  distance  on  each  side  of  the 
dykes  had  undergone  a  considerable  change.  Scarcely  a  ti'ace  of  the 
P^O,  or  of  the  lime  was  now  to  be  found  in  them,  though  it  was 
evident  that,  before  the  intrusions  into  them  had  taken  j)lace, 
they,  like  the  other  portions  of  the  beds,  had  contained  both  in- 
gredients in  considerable  proportions.  It  was  well  known  thatlieat 
alone  could  not  separate  PjOj  from  lime;  therefore  be  found  it 
difficult  to  account  for  this  change  in  the  character  of  the  beds,  un- 
less it  could  be  produced  by  gases  or  watery  vapour  passing  into 
tbem  at  the  time  the  intrusions  took  place.  He  thought  it  even 
probable  that  the  dykes,  which  in  some  parts  are  found  to  contain  a 
considerable  amount  of  lime  and  also  of  P„0,,  might  have  derived 
these,  or  at  least  some  portions  of  these,  from  the  beds  through  which 
they  had  been  forced,  and  which  must  have  been  broken  iip  and 
melted  as  they  passed  through  them.  There  are  no  contemporaneous 
tuffs  known  in  Wales  of  earlier  date  than  the  Llandeilo  beds ;  and 
he  thought  these  dykes  belonged  to  that  period,  and  that  tliey  were 
injected  into  the  Lower  Cambrian  beds  after  from  8000  to  10,000  feet 
of  deposit  had  been  superimposed.  In  an  agricultin-al  point  of  view 
the  author  considered  that  the  presence  of  so  much  phosphate  of 
lime  in  some  of  the  series  of  beds  must  be  a  matter  of  great  import- 
ance; and  on  examining  the  districts  where  these  series  occurred,  he 
invariably  found  the  land  exceedingly  rich. 

Mr.  Iludleston  gave  the  results  of  the  analyses  made  by  him 
at  the  request  of  Mr.  Hicks.  He  found  in  a  portion  of  dark  grey 
flaggy  rock  taken  from  close  to  a  fossil  l-()2,  in  a  portion  of 
black  slaty  rock  containing  trilobites  but  in  contact  with  trap  O'll,  in 
a  portion  of  the  shell  of  a  trilobite  17-05,  and  in  the  trap  above 
mentioned  0-323  per  cent,  of  phosphoric  anliydride.  A  lobster-shell 
dried  at  100°  C.  gave  3-26,  an  entire  boiled  lobster  (undried)  0-76, 
and  a  boiled  lobster  without  shell  0*332  per  cent,  of  PjO^.  If  the 
analysis  of  an  entire  lobster  was  correct,  he  estimated  that  a  ton  of 
boiled  lobsters  would  contain  about  17  lbs.  of  phosphoric  anhydride. 
In  the  analysis  of  the  shell  of  a  Trilobite  there  appears  to  be  a  great 
excess  of  phosphoric  acid,  which  Mr.  Hudleston  thought  must  be  due 
to  substitution. — Abstracts  of  the  Proceediiu/s  of  the  GeoJor/icalSociet)/, 
No.  299. 
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LI.    On  the  Siinultaneous  Sounding  of  two  Notes. 
By  Dr.  Rudolph  Konig,  Paris*. 

IF  two  notes  are  produced  upon  the  same  instrument,  or 
by  the  vibrations  of  two  bodies  Avhich  are  closely  con- 
nected together  through  a  third,  there  ensue  some  very 
intricate  phenomena,  which  are  partly  produced  ])y  the  re- 
action of  the  two  sources  of  sound  upon  each  other,  and  the 
action  of  both  upon  the  connecting  body,  and  partly  also  have 
their  origin  in  the  continuance  of  the  two  sound-waves  in  the 
air.  It  is  my  present  intention  in  the  following  pages  to 
submit  to  a  closer  examination  only  those  phenomena  which 
arise  from  the  coexistence  of  two  sound-waves  in  the  air  ;  and 
I  have  therefore  used  for  the  demonstration  of  these  waves 
only  such  sources  of  sound  as  were  absolutely  isolated 
from  each  other,  and  could  not  possibly  act  upon  each  other 
directly,  or  combined  together  upon  a  third  body.  As,  further, 
the  waves  produced  by  clangsf  must  always  be  considered  as  a 
combination  of  waves  of  simple  notes,  and  as  therefore  it  may 
remain  doubtful  Avhen  clangs  are  employed  whether  the  phe- 
nomena observed  are  produced  by  the  fundamental  notes  or 
by  the  over-notes,  I  have  been  careful  in  these  experiments  so 
to  select  the  sources  of  sound  that  they  should  only  produce 
the  simplest  possible  notes.  For  the  low  notes  I  used  very 
stout  tuning-forks,  mounted  on  isolated  iron  frames,  and 
placed  in  front  of  large  sounding-boxes ;  for  the  upper  notes 

*  Translated  from  Poggendoi-fF's  Annalen,  vol.  clvii.  p.  177.    And  com- 
municated by  W.  Spottiswoode,  M.A.,  LL.D.,  V.P.E.S. 

t  By  ''  clanp-  "  is  meant  the  entire  sound  emitted  by  an  instrmnent 
when  sounding  a  musical  note. 
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simply  powerful  tuning-forks,  whose  intensity  of  tone  required 
no  further  reinforcement. 

The  whole  series  of  tuning-forks  and  sounding-boxes  which 
I  made  use  of  for  these  experiments  was  as  follows  : — 

1.  Five  tuning-forks  which  without  weights  gave  the  notes 
double  G,  C,  E,  G,  c  (sol_j,  doi,  mii,  soh,  dog).  Each  of  the 
four  higher  forks  can,  by  means  of  its  sliding  weights,  be 
tuned  down  to  the  note  of  the  next  deeper  fork.  The  double- 
G  fork  can  be  lowered  by  a  couple  of  sliding  weights  to 
double  E,  and  by  another  couple  as  far  as  to  double  C 
(do_i  =  64  V.  s.);  and  this  latter  limit  may  still  be  exceeded  by 
increasing  the  weights  upon  the  slides.  The  positions  of  the 
sliding  weights  upon  these  forks  are  marked  at  intervals  of  a 
single  vibration  for  the  octave  from  double  C  to  C,  and  by  a 
double  vibration  for  the  next  higher  octave. 

The  prongs  of  the  lowest  fork  are  35  millims.  in  thickness, 
55  millims.  in  breadth,  and  about  75  centims.  in  length.  The 
prongs  of  the  other  four  forks  are  39  millims.  thick,  55  millims. 
broad,  and  their  length  varies  from  about  70  centims.  to 
49  centims.  These  five  forks,  without  their  stands  and  sliding 
weights,  weigh  130  kilogrammes. 

2.  Eight  tuning-forks,  which  without  weights  are  tuned  to  the 
notes  c,  e,cf,  c,  (/,  e',g^,  c"  (doj,  mij,  solg,  dog,  dog,  mig,  solg,  do^), 
and  by  means  of  their  sliding  weights  are  capable  of  producing 
all  the  intermediate  notes  also.  Their  prongs  are  26  millims. 
thick,  26  millims.  broad,  and  from  about  59  to  19  centims. 

The  tuning-forks  for  the  octave  from  c  to  c'  have  a  division 
for  placing  the  sliding  weights  at  from  two  to  two  double 
vibrations,  and  for  the  next  higher  octave  from  four  to  four. 

3.  Nine  forks  tuned  to  the  scale  of  c"  to  c'" ,  and  to  the 
seventh  harmonic  of  the  small  c,  of  which  the  prongs  are 
25  millims.  broad,  25  millims.  thick  below,  and  diminish  to 
about  12  millims.  less  at  the  ends.  Their  length  varies  from 
about  20  to  13  centims. 

4.  Twelve  tuning-forks  for  the  notes  of  the  scale  from  c'" 
to  c"",  the  eleventh,  thirteenth,  and  fourteenth  harmonics  of  c, 
and  the  note  of  2389"3  v.  s.,  which  forms  with  c'  (512  v.  s.) 
the  ratio  of  3  :  14,  with  prongs  15  millims.  in  breadth,  10  milluns. 
in  thickness  below,  and  about  7  millims.  at  the  ends,  and  from 
about  9  centims.  to  6  centims.  in  length. 

5.  Eleven  forks  for  the  notes  of  the  scale  from  c^  to  c^,  and 
the  eleventh,  thirteenth,  and  fourteenth  harmonics  of  d .  The 
breadth  of  the  prongs  is  23  millims.,  the  thickness  below 
18  millims.,  and  at  the  ends  about  9  millims.  Their  length 
varies  from  about  8  to  5  centims. 
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6.  A  series  of  eleven  tuning-forks  for  notes  between  1/"  and 
c^^,  and  a  series  of  nine  tuning-forks  for  notes  between  7U3G  v.  s. 
and  c^  (8192  v.  s.),  with  prongs  14  millinis.  in  breadth,  and 
below  about  8  millims.  in  thickness. 

7.  Three  pairs  of  resonators  to  strengthen  the  notes  from 
C  to  c",  provided  with  clamping-screws,  so  that  they  may 
with  the  greater  precision  be  tuned  to  each  note  which  re- 
quires reinforcement.  They  are  made  of  brass,  and  mounted 
on  iron  frames.  At  the  opening  of  each  of  these  resonators 
two  side  plates  can  be  applied,  in  case  the  tuning-forks  can- 
not, in  consequence  of  their  weights,  be  brought  near  enough 
to  the  opening,  and  it  is  desirable  to  lose  as  little  as  possible  of 
their  action  on  the  body  of  air.  Besides  this,  each  clamp, 
close  to  the  screw  which  goes  through  and  moves  it,  is  bored 
through,  and  ])rovided  with  a  small  pipe,  which  is  generally 
closed,  but  which  can  be  opened,  in  order  that  by  its  means, 
with  the  help  of  an  india-rubber  tube,  the  ear  may  be  put  in 
direct  communication  with  the  body  of  air  within  the  resonator. 

The  two  resonators  which  reinforce  the  notes  from  C 
to  g  are  30  centims.  in  diameter,  1  metre  15  centims.  in 
length,  and  the  opening  in  front  is  27  centims.  long  and 
12  centims.  broad.  The  two  resonators  which  can  be  tuned 
from  C  to  g'  are  25  centims.  in  diameter,  50  centims.  in 
length,  and  their  opening  is  23  centims.  in  length  and  7. 
centims.  in  breadth.  The  third  pair  of  resonators  reinforce 
the  notes  from  g  to  c".  Their  length  is  36  centims.,  their  dia- 
meter 25  centims.,  and  their  opening  is  15  centims.  in  length 
and  7  centims.  in  breadth. 

I.  Primary  Beats  and  Beat-Notes. 

A.  Intervals  with  the  fundamental  note  C  (  =  128  v.s.). 

If  at  the  same  time  with  the  deep,  simple,  and  strong  note 
C  (128  V.  s.),  produced  by  means  of  a  large  tuning-fork  placed 
in  front  of  a  resonator,  a  second  note  is  produced  in  the 
same  manner,  which,  starting  from  unison,  is  gradually  raised 
higher  and  higher,  the  beats  Avhich  ensue  after  the  disturbance 
of  the  unison  become  gradually  quicker.  When  the  higher 
note  has  reached  to  152  or  156  v.  s.  (that  is,  between  D  and  E), 
the  beats,  which  till  then  w^ere  heard  separately  to  the  nimiber 
of  twelve  to  fourteen,  change  to  a  roll,  which  increases  in 
rapidity  till  the  interval  of  the  fourth  is  nearly  reached,  about 
171  V.  s.  (tAventy-two  beats),  Avithout  losing  its  simple  character. 
When  the  fourth  is  passed,  there  occurs  a  confused  but  always 
very  loud  rattle,  which  lasts  till  above  the  fifth,  until  when  close 
upon  the  sixth,  at  about  212  to  216  v.  s.,  it  begins  to  lose  its 
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contused  character,  and  changes  into  a  still  rapid  but  simple 
roll,  which  becomes  so  much  slower  between  the  sixth  and 
the  seventh  that  at  233  and  236  v.  s.  twelve  and  ten  single 
beats  can  already  be  counted,  which  at  the  seventh,  B  =  240  v.  s., 
decrease  to  eight,  at  244  v.  s.  to  six,  and  become  gradually 
fewer  in  number,  till  at  the  octave  of  c  =  256  v.  s.  they  at  last 
cease  altogether. 

As  the  number  of  vibrations  of  the  primary  notes  can  be 
directly  read  off  from  the  tuning-forks,  it  will  be  found  that 
the  number  of  single  distinguishable  beats  near  the  unison  is 
equal  to  the  difference  of  the  double  vibrations  of  the  two 
primary  notes,  and  that  of  the  beats  near  the  octave  is  equal 
to  the  difference  of  the  double  vibrations  of  the  higher  of  the 
two  primary  and  of  the  octave  of  the  lower  note. 

The  above  result  can  be  shortly  expressed  in  the  following 

manner.     Each  interval  n  :  n'  (less  than  the  octave)  exhibits 

two  sorts  of  beats,  whose  number  is  equal  to  the  positive  and 

n' 
negative  remainder  of  the  division  — ,  that  is  to  say,  equal  to 

the  two  numbers  m  and  rn'  =  7i — «i,  which  we  obtain  by  stating 
n'-=n-\-  ??!=  2n — m'.  I  shall  in  future,  for  the  sake  of  bre^dty, 
call  the  beats  m  lower  beats,  and  the  beats  m'  upper  beats. 
If  we  increase  the  interval  between  two  notes  from  the  unison 
to  the  octave,  the  number  of  lower  beats  increases  from  o  to  n, 
and  that  of  the  upper  beats  diminishes  from  n  to  o.     At  the 

fifth  the  number  of  both  kinds  of  beats  is  =  ~.     If  m  is  much 

Li 

less  than  -,  only  the  lower  beats  are  audible ;  if  m  is  much 
greater  than  -,  we  hear  only  the  upper  beats ;  and  if  in  is 
nearly  equal  to  -,  both  kinds  of  beats,  ni  and  n  —  m,  may  be 

Li 

distinguished  at  the  same  time. 

Tlie  lower  beats  are  more  powerful  than  the  upper  beats  ; 
and  their  audibleness  extends  consequently  further  beyond  the 
fifth  than  that  of  the  upper  beats  below  the  same  note- 
In  the  octave  from  C  to  c,  which  we  have  now  been  con- 
sidering, it  is  very  difficult  to  distinguish,  through  the  loud 
and  confused  rattle  of  the  upper  and  lower  beats  above  and 
below  the  fifth,  the  rh^-thm  which  belongs  to  both  these  kinds 
of  beats,  as  the  nmnber  both  of  lower  and  upper  beats  is 
always  so  great  that  heard  alone  they  would  produce  a  very 
rapid  roll.  I  only  succeeded,  therefore,  in  bringing  to  special 
and  absolutely  clear  proof  both  kinds  of  bejts  dm-ing  their 
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existence  by  choosing  as  the  fundamental  note  of  the  interval 
a  much  deeper  note  than  C,  namely  double  E  (80  v.  s.). 

The  great  fork  had  on  one  of  its  prongs  a  Avooden  board 
24  centims.  broad  and  40  centims.  long,  and,  by  means  of  a 
powerful  olecti-omagnot  placed  between  its  prongs,  was  made 
to  vibrate  strongly  in  a  space  of  from  12  to  15  millims.  I 
held  my  ear  to  this  board,  while  I  brought  more  or  less  close 
to  it  a  tuning-fork  with  sliding  weights  and  divisions,  which  I 
held  loose  in  my  hand.  If  we  experiment  in  this  manner,  and 
raise  the  note  on  the  latter  tuning-fork  from  80  v.  s.  gradually 
hioher  and  higher,  the  first  sinole  audible  beats  are  attain  lost 
in  a  roll  and  rattle  which  continue  beyond  the  fifth  (20  beats). 
At  144  V.  s.,  when  32  lower  beats  and  8  u})per  beats  are 
produced,  the  latter  begin  to  be  distinguishable.  At  148  v.  s. 
(m  =  34,  ?//  =  6)  and  at  150  v.  s.  (77i  =  35,  vi'=5),  beside  the 
rattle  of  the  34  or  35  lower  beats,  the  6  and  5  upper  beats  can 
be  clearly  heard.  A  good  idea  may  be  obtained  of  the  sound 
produced  if  we  curve  the  tongue  as  in  forming  the  letter  R, 
while  we  force  the  air  out  of  the  mouth  in  short  strong  puff's, 
instead  of  in  one  continuous  stream. 

While  on  the  subject  of  this  experiment  with  the  deep 
double-E  fork,  I  may  remark  by  the  way  that  it  is  extremely 
difficult  to  produce  very  deep  simple  notes  of  any  intensity. 
As  I  was  anxious  to  make  my  experiments  upon  beats  by 
means  of  notes  which  should  have  the  widest  possible  intervals 
with  the  smallest  possible  difference  in  the  absolute  number  of 
vibrations,  I  constructed  for  the  notes  of  the  double  octave 
(64  —  188  V.  s.)  two  large  wooden  resonators,  one  40  and 
the  other  60  centims.  high  and  Avide,  and  both  2  metres  long. 
Like  the  before-mentioned  brass  resonators,  they  were  fitted 
with  clamping-screws,  so  that  they  could  be  tuned  with 
the  greatest  precision,  and  the  openings  could  be  increased  or 
diminished  at  pleasure  ;  but  the  effect  which  1  obtained  from 
them  in  connexion  with  the  powerful  forks  was  so  small  that 
I  lost  more  in  intensity  by  taking  one  of  these  deep  notes  for 
the  fundamental  note  than  I  gained  by  the  lesser  number  of 
vibrations. 

If  we  increase  the  interval  of  the  octave  128  :  256  v.  s.,  at 
which  we  have  now  arrived  by  retaining  the  fundamental  note 
C,  while  we  again  raise  the  second  note  proceeding  from  the 
octaA-e  higher  and  higher,  Ave  produce  again  the  single  audible 
beats,  AA^hich,  AA^hen  they  haA^e  attained  the  number  of  10  to  12 
at  276  to  280  y.  s.,  change  into  a  simple  roll,  Avhich  at  296  v.  s. 
(20  beats)  is  transformed  into  a  confused  rattle.  This  rattle 
soon  becomes  AAeaker  ;  and  between  e  and/',  about  332  to  336 
V.  s.,  the  clancr  of  the  two  notes  onK'  alloAvs  a  mere  rouo-hness 
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to  be  perceived,  out  of  wliicli,  however,  again  at  344  v.  s.,  a 
clear  quick  roll  appears,  which  gradually  becomes  slower,  till 
at  360  to  3(34  v.  s.  12  to  LO  beats  become  singly  audible  ;  these 
at  368,  372,  376,  and  380  v.  s.  decrease  to  8,  6,  4,  and  2,  and 
at  ^  =  384  V.  s.  (1  :  3)  disappear. 

The  number  of  the  beats  audible  close  to  the  octave  is  equal 
to  the  difference  of  the  double  vibrations  of  the  higher  notes 
and  of  the  octave  of  the  fundamental  note  ;  and  the  number  of 
beats  close  to  the  twelfth  is  equal  to  the  difference  of  the  double 
vibrations  of  the  higher  notes  and  the  twelfth  from  the 
fundamental  note. 

The  order  of  the  inter\^als  here  observed  of  this  second 
period,  from  n  :2  n  to  ?i :  3  n,  is  therefore  precisely  the  same 
as  that  which  we  observed  of  the  intervals  of  the  first  period 
from  n  :n  to  n:2  71.  Each  interval,  7i  :2  n  +  m  or  3  n  —  on', 
again  exhibits  two  kinds  of  beats,  which  are  equal  to  on  and 

vi' :  if  m  is  much  less  than  -,  we  hear  only  the  lower  beats  ; 

if  on  is  much  greater  than  -,  only  the  upper  beats  can  be  dis- 

n 
tinguished  ;  and  if  m  is  about  the  same  as  -^^  the  two  kinds  of 

beats  exist  together.     In  this  period  m=^   in  the  interval 

2:5  (6  =  320  V.S.). 

The  beats  in  the  interval  n  :  2  ?i  +  m  are  therefore  equal  to 
those  in  the  interval  n  :  n  +  in. 

In  this  period  also  the  upper  beats  are  weaker  than  the 
lower;  and  both  upper  and  lower  beats  are  weaker  than  the 
corresponding  beats  in  the  first  period. 

The  next  higher  period  reaches  from  C  :  ^  to  C  :  c',  ti  :  3  ?i 

to  w  :  4  n  ;  and  its  centre,  in  which  wi  =  -  is  in  the  ratio  of  2  :  7 

(128  :  448  v.  s.). 

We  find  in  this  the  same  order  as  in  the  two  first 
periods,  only  we  cannot  follow  the  two  kinds  of  beats  quite 
so  far,  as  they  have  again  become  weaker  than  in  the  former 
periods.  If,  beginning  at  g  (384  v.  s.),  we  again  raise  the 
second  note  higher  and  higher,  the  first  single  audible  beats  fall 
into  a  roll  at  404  v.  s.  (10  beats),  which  at  420  v.  s.  becomes 
a  weak  confused  rattle.  This  changes  at  about  456  v.  s.  to  a 
mere  roughness,  from  which  another  clear  rattle  is  only  dis- 
tinguished at  480  to  484  v.  s.  (16  to  14  beats),  which  becomes 
slower  till  at  492  v.  s.  we  have  10  single  audible  beats,  gra- 
dually diminishing  in  number  till  at  c'  (512  v.  s.),  the  double 
octave,  they  entirely  disappear. 
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The  beats  of  an  interval  n  :3  n  +  tn  or  4  n  —  m'  are  af^ain 
equal  to  m  and  ni'. 

In  the  period  of  C  :c'  to  C  :  e',  of  n:4  n  to  n  :  5  rt,  the 
beats  can  bo  followed  to  only  a  less  distance.  The  lower 
beats  at  the  number  of  8  to  10  change  into  a  roll ;  but  this  at 
552  V.  s.  (20  beats)  is  already  so  weak  that  it  is  hardly  more 
than  a  mere  roughness.  At  560  (24  beats)  even  this  is  no 
longer  distinguishable,  and  the  two  notes  from  this  point  form 
a  pure  clang.  Only  at  (516  v.  s.  does  the  roll  of  12  beats 
again  aj)pear  from  the  pure  clang,  which  then  passes  into  the 
single  audible  beats,  which  disappear  at  1  : 5  (128  :  G40  v.  s.). 

In  the  period  G  :e'  to  0  :g',  n:h  n  to  n  :  6  n,  the  lower 
beats  are  only  clear  to  about  10,  and  disappear  at  664  v.  s. 
(12  beats).  The  upper  beats  are  feebly  audible  at  748  v.  s., 
and  only  at  752  v.  s.  (8  beats)  become  singly  quite  clear. 

In  the  period  C  :  (/'  to  C  :  896  v.  s.,  of  n  :  6  a  to  n:l  n,  the 
lower  beats  are  only  quite  distinct  up  to  780  v.  s.  (6  beats), 
and  disappear  at  784  v.  s.  The  upper  beats  are  feebly  audible 
to  the  number  of  6  at  884  v.  s.,  and  only  become  quite  distinct 
at  888  V.  s.  to  the  number  of  4. 

In  the  period  of  C  :  896  v.  s.  to  C  :  o",  n  :  7  n  to  7i:8  n,  the 
lower  beats  can  be  heard  clearly  to  the  number  of  4  at  904  v.  s. 
They  disappear  at  908  v.  s.,  6  in  number.  Four  upper  beats 
are  perce})tible  at  1004  v.  s.  The  t^vo  beats  at  1008  v.  s.  are 
quite  distinct. 

I  succeeded  occasionally  in  perceiving  a  few  beats  in  the 
ratio  of  C  :  d"  and  even  of  C  :  e''  (1  :  9  and  1  :  10);  but  these 
were  very  weak,  and  could  not  have  been  perceived  at  all  by 
any  ordinarily  correct  ear  not  specially  trained  for  the  pur- 
pose, as  all  those  above  described  can  be. 

It  has  always  hitherto  been  assumed  that  beats  can  only  be 
airectly  produced  from  two  notes  which  are  close  to  the 
unison,  and  that  the  beats  of  all  wider  intervals  must  be  pro- 
duced with  the  aid  of  resultant  notes.  According  to  this,  in 
the  interval  C  :  c''  — 2  v.  d.,  which  as  we  have  seen  allows  two 
beats  to  be  distinctly  heard,  these  beats  must  have  been  pro- 
duced in  the  following  manner  : — 

c"  —  2  v.d.withC  (8  ?i— 2  with  w)  must  have  produced  892  v.  s.(7  n—2) 

/-2v.d.(67i-2) 
/-2v.d.(5n-2) 
(•'-2v.d.(4w-2) 
^-2v.d.(3n-2) 
f-2v.d.(2n-2) 
C-2v.d.  (w-2) 
two  beats 


892  V.  s. 

C(7n-2 

n) 

/-2v.d. 

C(6n-2 

7l) 

^-2v.d. 

C  (5  n  —  2 

7i) 

(/-2v.d. 

C(4n-2 

n) 

g-2yA. 

C(3n-2 

n) 

c-2v.d. 

C(2n-2 

7l) 

C-2v.d. 

G     (w-2 

7l) 
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Of  all  these  intermediate  notes  I  have  been  able  to  discover 
no  trace ;  and  the  note  cf'  —  2  v.  d.  (1020  v.  s.)  has  besides  com- 
paratively so  little  intensity,  even  when  its  beats  are  most 
distinctly  audible  with  C,  that  it  seems  absolutely  impossible 
that  it  should  produce  any  (even  the  very  smallest)  practical 
combination-note  in  connexion  with  other  notes ;  and  it  would 
be  still  more  incredible  that  it  should  be  the  origin  of  a  whole 
series  of  combination-notes.  It  is  therefore  far  more  natural 
to  derive  the  beats  of  the  harmonic  interval,  as  well  as  those 
of  the  unison,  directly  from  the  formation  of  the  sound-waves, 
and  to  consider  that  they  arise  from  the  periodically  inter- 
changing coincidences  of  the  similar  maxima  of  the  notes  n 
and  n' ,  and  of  the  maxima  which  have  opposite  signs. 

In  the  beats  of  these  harmonic  intervals,  as  well  as  in  those 
of  the  unison,  the  similar  maxima  will  either  come  exactly 
together,  or  else  with  two  successive  vibrations  of  the  funda- 
mental note  ;  maxima  of  compression  of  the  higher  notes  will 
slightly  precede  the  maximum  of  compression  of  the  first  vibra- 
tion and  follow  the  second,  so  that  the  centre  of  beating  will 
lie  between  these  two  ;  in  both  cases,  however,  the  effect  upon 
the  ear  will  be  exactly  the  same,  as  a  beating  is  no  momen- 
tary phenomenon,  but  arises  from  the  constant  ebb  and  flow 
of  the  intensity  of  the  note.  To  give  a  clearer  idea  of  the 
order  of  vibrations  in  the  beats  of  these  harmonic  intervals, 
I  have  reduced  to  writing  the  vibrations  of  the  interval 
n:hn  and  n:hn+y  (A  =  l,  2,...8)  by  means  of  my  well- 
known  apparatus,  with  which,  according  to  the  method  first 
applied  by  Lissajous  and  Desains,  one  of  the  tuning-forks 
whose  vibrations  are  to  be  calculated  has  attached  to  it  a  piece 
of  smoked  glass  Avhich  vibrates  with  it,  and  the  other  carries 
the  pencil  which  marks  the  figures  upon  this  plate.  If 
we  look  at  the  common  characters  of  these  figures,  we  find 
that  the  beats  of  the  imperfect  intervals  1  :  3,  1  :  5,  1  :  7,  as 
well  as  the  beats  of  the  unison,  are  shown  by  periodical 
maxima  and  minima  of  the  amplitude  of  the  vibrations  which 
very  clearly  declare  their  direct  audibleness.  In  the  perfect 
intervals,  1  :  2,  1  : 4,  1  :  6,  and  1  : 8,  a  maximum  of  compres- 
sion is  constantly  changing  with  a  maximum  of  dilatation,  as  is 
the  case  in  ordinary  sound-waves,  and  every  entire  period  may 
therefore  be  equally  considered  as  a  single  united  wave  of  air ; 
and  there  can  be  nothing  remarkable  in  such  air-waves  being 
considered  singly  as  beats,  as  the  notes  of  the  great  organ- 
pipe  of  the  32-foot  octave  may  very  easily  be  heard  as  single 
air-beats,  and  we  receive  the  impression  of  a  series  of  beats 
also  if  we  apply  the  ear  to  the  prongs  of  a  large  tuning-fork 
which  gives  less  than  32  v.  d. 
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Another  peculiarity  of  the  beats  of  harmonic  intervals  is 
that  the  two  primary  notes  api)ear  alternately.  If  at  the  same 
time  with  the  powerful  C  we  sound  c  only  a  small  fraction  of 
a  vibration  out  of  tune,  so  that  very  slow  beats  are  formed,  we 
hear  the  fundamental  note  and  the  octave  alternately  so  clearly 
that,  when  c  is  very  powerful,  we  should  sometimes  be  inclined 
to  count  each  vibration  double  ;  if,  on  the  other  hand,  c  is 
weak,  wo  only  hear  the  fundamental  note  becominf^  alternately 
stronger  and  weaker.  I  have  succeeded  in  making  precisely 
the  same  observations  with  the  very  slow  beats  of  the  twelfth 
and  the  double  octave,  C  :  g  and  0  :  c' ;  but  when  the  vibra- 
tions are  at  all  quick  the  periodical  appearance  of  the  higher 
notes  is  no  longer  perceptible. 

These  phenomena  also  are  more  easily  explained  by  means 
of  beats  of  these  intervals  than  by  the  supposition  of  resultant 
intermediate  notes  which  cannot  be  heard.  In  the  beat  of 
the  octave  and  the  twelfth  the  fundamental  note  alone  appears 
at  a,  and  at  h  the  higher  note  is  distinguishable. 

B.  Intervals  icith  the  fundamental  note  c  (  =  256  v.  s.). 

If  we  form  the  different  intervals  from  the  unison  to  the 
third  octave  with  c  (  =  250  v.  s.)  for  the  fundamental  note,  the 
beats  of  the  ditferent  periods  being  twice  as  numerous,  can  no 
longer  be  observed  with  such  wide  intervals  as  were  possible 
with  the  fundamental  note  C. 

The  first  single  audible  beats  change  to  a  simple  roll  at  the 
second,  and  to  a  confused  rattle  at  the  third,  which,  after  the 
fourth,  becomes  feeble.  Between  the  fifth  and  sixth  the  notes 
form  a  rough  clang,  through  which,  between  the  sixth  and 
seventh,  a  more  distinct  roll  begins  to  appear,  which  at  the 
seventh  changes  to  single  perceptible  beats,  and  at  496  v.  s, 
(8  beats)  to  single  computable  beats,  which  disappear  at  the 
octave  c  :c'. 

In  the  second  period,  c  :  c'  to  c  :g',  even  at  584  v.  s.  only  a 
roughness  can  be  perceived  ;  and  at  608  v.  s.  the  two  notes 
already  form  a  completely  undisturbed  clang,  Avhich  only  at 
704  V.  s.  again  becomes  rough,  and  at  720  v.  s.  changes  to  a 
roll,  that  then  melts  into  the  single  beats,  which  disappear  at 
the  twelfth,  c  :g'  {I  :?>). 

In  the  third  period,  of  c:g'  to  c  :  c"  the  last  traces  of  the 
roughness  produced  by  the  increasing  numbers  of  the  lower 
beats  disappear  so  soon  as  at  820  v.  s.  The  two  notes  form, 
from  this  point  to  976  v.  s.,  an  undisturbed  simultaneous  sound, 
which  at  984  v.  s.  (20  beats,  ??i')  become  rough,  and  then  again 
allows  the  single  beats  to  be  heard,  which  disappear  at  the 
double  octave,  c  '.c''  (1  : 4). 
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Above  the  double  octave  we  can  distinguish  below  and 
above  the  interval  c  :/'  (1  : 5)  the  upper  beats  of  the  fourth 
and  the  lower  beats  of  the  tifth  period  to  about  the  number  of 
twelve.  Above  and  below  c  :/'  (1  :  6)  about  8  beats  can  be 
distinguished,  and  about  6  in  the  disturbed  clang  C  :  1792  v.  s. 
(1  :  7).  The  triple  octave  c  :  </''  (1  :  8),  when  disturbed,  allows 
4  beats  to  be  distinctly  heard  ;  but  the  two  or  three  beats  per- 
ceptible at  c  :  d'"  (1  :  9)  are  very  weak. 

Although  both  the  lower  and  upper  beats  attain  to  the 
number  of  64  in  the  interval  with  the  fundamental  note  c,  which 
forms  the  middle  of  that  period,  C  is  only  very  faintly  distin- 
guishable even  in  the  first  period  in  the  fifth,  e.g.  If  we 
suddenly  produce  a  g  beside  the  original  singly  sounding  e^ 
the  result  gives  the  same  impression  as  if  the  fundamental  note 
had  acquired  a  deeper  character. 

C.  Intervals  with  the  fundamental  note  c''(  =  512  r.  s.). 

If  intervals  are  formed  with  the  fundamental  note  c'(  =  512 
V.  s.), gradually  rising  from  the  unison,  the  folloAving  phenomena 
vnW  be  noticed. 

The  first  single  audible  lower  beats  change  to  a  rattle  before 
the  second  is  reached,  and  at  the  third  (64  beats)  become  a 
mere  roughness  ;  at  the  same  time  a  weak  C  is  heard.  At 
the  fifth  this  note  rises  to  c  (128  beats),  while  at  720  to  736  v.  s. 
the  roughness  of  the  clang  is  no  longer  heard.  From  768  to 
896  V.  s.  (128  to  192  beats)  the  note  c  rises  to  g,  and  is  re- 
markably strong  in  proportion  to  its  intensity  between  C  and 
c  (64  to  128  beats).  It  appears,  therefore,  that  what  the 
single  impulses  m  have  lost  in  intensity  in  these  greater 
intervals,  is  fully  made  up  by  their  greater  number  with 
regai-d  to  the  intensity  of  the  note  which  they  form.  The  note 
produced  by  the  upper  beats  tn'  can  be  distinguished  by  the 
beats  of  the  auxiliary  fork  from  the  third  (192  beats)  to  the 
fifth  (128  beats),  while  it  sinks  from  g  to  c,  though  it  other- 
wise is  scarcely  audible.  From  808  to  896  v.  s.  (108  to  64 
beats  m'),  it  becomes  so  feeble  that  even  with  the  aid  of  the 
auxiliary  fork  it  can  scarcely  be  distinguished.  It  appears 
therefore  that  the  increase  in  intensity  of  the  single  impulse 
m',  which  is  attained  by  the  diminution  of  their  number,  is 
not  great  enough  to  form  the  deepened  note  with  the  same 
intensity  which  it  possessed  when  it  was  higher.  Towards 
944  V.  s.  (40  beats  ?n')  a  roughness  arises,  which  at  976  v.  s. 
changes  to  a  roll  that  alters  to  single  beats,  which  at  the  octave 
c'  :  c"  disappear. 

The  lower  beats  of  the  second  period,  from  c'  :  d'  to  c' :  g" 
(1:2  to  1  : 3),  become  at  20  only  a  roughness  ;  and  in  the 
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same  way  the  upper  beats  at  about  18  begin  to  be  distinguisb- 
able  by  tbe  ronghnoss  of  tbe  clang. 

In  tbe  tbircl  period,  from  c!  \(J'  to  d  :c"\  about  16  beats 
m  can  be  beard,  antl  about  10  beats  m' . 

(I  made  tliese  two  observations  upon  my  tonometer  witb 
tuning-forks  wbicb  are  not  mentioned  in  tbe  list  given  in  my 
introduction.) 

Below  and  above  the  interval  c'  -.d"  {\:  5)  about  5  beats 
are  easily  heard,  and  in  the  interrupted  interval  d  :g"'  (1:6) 
from  2  to  3  can  be  distinguished. 

The  beat-notes,  which  in  the  first  period  were  already  ex- 
tremely feeble,  in  the  higher  one  are  no  longer  directly  per- 
ceptible. 

D.  Intervals  tcith  the  fundamental  note  c"(  =  1024  v.  s.). 

In  intervals  with  the  fundamental  note  e'^,  the  lower  and 
upper  beats  are  only  to  be  distinguished  as  such  near  the  unison 
and  the  harmonic  interval.  In  consequence  of  their  great 
numbers  they  change  to  notes  which  in  the  different  intervals 
will  be  heard  in  the  following  manner  : — 

In  the  second,  </^  d'',  the  note  m  (64  beats)  C  is  distinctly 
heard  ;  in  the  third,  c"  e",  it  has  risen  to  c  (128  beats),  and 
is  still  distinct ;  in  the  fourth  the  note  m  (170*6  beats)  /  is 
joined  by  the  note  m'^  (341"3  beats)  /'.  These  two  notes 
blend,  when  the  fourth  is  quite  pure,  into  a  clang  that  is  heard 
sometimes  as  /,  and  sometimes  as  f.  The  notes  m  and  m' 
become  equal  at  the  fifth  c"  g'',  when  c'  is  very  distinctly 
heard.  At  the  sixth,  the  lower  note  m  rises  to  /',  and  the 
note  m'  sinks  to  /.  These  two  notes  are  more  powerful,  and  do 
not  blend  into  one  another  so  closely  as  at  the  fourth.  If, 
with  exactly  the  same  intensity  of  the  fundamental  note  the 
fork  a"  is  held  a  little  further  from  the  ear,  the  /  is  heard  more 
strongly  ;  if  it  is  brought  nearer,  f  becomes  more  distinct.  In 
the  interval  d'  :  1792  v.  s.  (4  :  7)  the  two  notes  m=g'  and 
771  =r/  are  heard  almost  equally  loud.  At  the  seventh  no  more 
is  distinguished  of  the  lower  note,  and  ?n'  =  64  beats  forms  a 
mere  rattle,  a  roughness  through  which  C  cannot  be  heard. 
Above  the  octave,  in  the  interA'al  c"  \dl"  (4:9),  the  note 
7n=128  beats,  C,  can  be  faintly  heard,  and  in  the  interval 
</':  2889-3  v.s.  (3:7),  the  note /.  At  c":e"'  (2:5),  where 
7rj  =  7?i'  =  256  beats,  c'  is  very  distinct ;  beyond  these  limits  no 
more  beats  can  be  distinguished  ;  only  below  and  above  the 
twelth  e":^^''  some  distinct,  and  at  the  double  octave  a  few 
very  weak  beats  may  be  heard. 
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E.  Intervals  toith  the  fundamental  note  c'"(  =  2048  v.s.). 

If  we  now  take  c'"  for  tlie  fundamental  note  of  the  interval, 
we  arrive  at  that  part  of  the  scale  which  is  especially  adapted 
for  the  observation  of  the  beat-notes,  as  the  deepest  octave  was 
for  the  examination  of  the  single  beats  which  have  not  yet 
blended  into  one  note. 

The  beat-notes  of  the  first  period  may  be  heard  in  the  fol- 
lowino-  manner.     The  note  c'"  forms  with 

Interval  m  nJ, 

tn  is  heard  alone  and  distinctly. 

m  is  heard  alone  and  clearly. 

m  is  clear,  m'  weaker  than  m. 

m  and  m'  melt  into  one  sound. 

tn  and  m'  are  equally  loud. 

m  =  ni' ,  the  note  is  very  loud. 

m  and  m'  equally  loud  and  di- 
stinct. 

m  and  m'  louder  than  at  the  fourth, 
and  also  to  be  heard  sinorjv. 

VI  and  m'  about  equally  loud  and 
distinct. 

m  quite  inaudible,  m'  audible  and 
distinct. 

In  the  second  period,  c'^'  :  c^^  to  c'^' :  g^'^,  the  beat-notes 
are  heard  in  the  following  manner: — c'''  with 


d'" 

8: 

9 

c 

— 

2389-3  V.  s 

6: 

7 

f 

— 

e"' 

4: 

5 

c' 

g" 

f" 

3: 

4 

f 

f" 

2816  V.  s. 

8: 

11 

g' 

e" 

f 

2: 

3 

c" 

e" 

3328  v.  s. 

8: 

13 

e" 

9' 

d" 

3: 

5 

f" 

f 

3584  V.  s. 

4: 

7 

9" 

c' 

V" 

8: 

15 



c 

Interval  m  m' , 

d^^  4:    9     c'      g"  m  distinctly  audible,  m'  scarcely 

perceptible. 
^"'  2:5     c"     c'     m  =  m'  distinctly  audible, 

/'i^  3:8    f    f    m  and  m'  about  equally  loud. 

5632  V.  s.     4: 11     g"    c'     m  very  faint,  m'  more  distinctly 

audible  than  m. 

Third  period,  from  c'"  :  g^^  to  c'"  :  e''. 

6656  V.  s.  4: 13  c'  —    m  only  audible, 

a'v  3: 10  /'  f"  m  melts  into  m'. 

7168  V.  s.  2:    7  c"  c"    m  =  m',  distinctly. 

b^^  4: 15  —  c'    m'  only  audible. 

7936  V.  s.  8:31  —  c      w' only  audible. 

F.    Intervals  with  the  fundamental  note  c^^  (  =  4096  v.  s.). 
Lastly,  intervals  with  the  fundamental-note  c^^'  allow  the  fol- 
lowing notes  to  be  heard: — 
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c'^ 


with  interval  m  in', 

rfiv  8:9  c'     —    m  is  distinctly  perceptible. 

e^^  4:    5     c"    —   vi  is  loud. 

/■iv  3:    4  /•'/    —   7/i  is  equally  loud. 

'5632  V.  s.  8:11  "/'     <?'"  m  and  w/  loud. 

r/i^'  2:    3     c'"    f"'  j?i  =  /;i'  quite  loud. 

(){\i)6  V.  s.  8: 13     /"    (/'  m  and  ?//  both  uudibU;. 

o'v  3:    5  /'"   /■"  wi  and  ?//  audible. 

7168  V.  s.  4:    7     r/''    c"   m  audible,  ??/ louder  than  m. 

Ifi^  8: 15  —      c'     in    quite  inaudible,  m'  distinctly 

perceptible. 

7936  V.  s.  16:31  —      c'    7^/ only  distinctly  audible. 

8064  V.  s.  32:63  —      c     ?h' perceptible. 

If  the  entire  series  of  observations  here  set  forth  with  their 
results  be  reviewed,  it  will  be  found  that,  taken  as  a  whole, 
they  show  as  follows  : — 

(1)  The  lower  beats  m,  as  well  as  the  upper  beats  tn'^^n — m 
of  an  interval  n  :  hn  +  m  (A=l,  2,  3. . .),  when  the  number  of 
beats  and  the  intensity  of  the  primary  notes  are  sufficient, 
change  into  beat-notes ;  for  example  the  notes  of  the  ratio 
8  :  15,  C  :h,  allow  m'  =  S  beats  to  be  heard,  and  the  notes  of 
the  same  ratio  c"'  '.h'"  the  beat-note  m'  =  c,  the  notes  c'^  :  5^^ 
the  beat-note  cf.  Further,  with  the  notes  of  the  ratio  4  :  15 
(n  :  3n  +  m),  C  :  &,  a  distinct  roll  of  16  upper  beats  is  heard, 
and  with  the  notes  of  the  same  ratio,  c'"  :  fZ^^,  the  upper  beat- 
note  7)l'=^c'. 

(2)  The  beat-notes  in  the  high  octaves,  and  the  singly  au- 
dible beats  in  the  low  ones,  are  always  equal  to  the  two  dif- 
ferences of  the  double  vibrations  of  the  higher  primary  notes, 
and  of  the  two  upper  and  lower  notes  of  the  harmonic  series 
lying  next  above  and  beloAv  the  deeper  primary  note,  and  not, 
as  has  been  hitherto  assumed,  simply  equal  to  the  difference  of 
the  double  vibrations  of  the  two  primary  notes.  For  example, 
the  notes  of  the  ratio  4 :  9,  c'" :  d^"^  allow  the  beat-note 
??!=  l  =  c',  and  no  trace  of  the  note  9  — 4  =  5  =  e"',  to  be  heard; 
d"  \e^^  (2:5)  gives  m=l  =  c'',  and  no  trace  o^  g'".  The 
ratio  n:2n  +  m,4-  :  11,  formed  by  the  notes  2048  (c""')  and 
5632  V.  s.,  allows  further  the  beat-notes  m=^=g"  and 
m'  =  l  =  c/  to  be  perceived,  and  no  trace  of  ihe  note 
7  =  3584  v.s. 

(3)  Of  the  beat-notes  of  the  higher  octaves  r/i  and  m' ,  as 
well  as  of  the  singly  audible  beats  m  and  m'  of  the  lower  ones, 

rn  alone  is  audible  when  m  is  much  less  than  -,    m'    when 
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m  is  much  greater  than  -,  and  the  coexistence  of  m  and  m'  is 

it 

observable  when  m  approaches  -^  For  example,  c^^  :  dF  (8  :  9) 

only  allows  m—\r=d  to  be  heard;  &'^ -.V-"^  (8:15)  only 
■m!  =  \  =  c' ;  and  at  c^^  :  6G56  v.  s.  (8  :  13)  both  m  =  5  =e"'  and 
m'  =  'd=g"  are  to  be  heard. 

II.  Secondary  Beats  and  Beat-notes. 

In  the  foregoing  section  I  have  endeavoured  to  describe 
connectedly  the  operations  of  the  upper  and  lower  beats,  as 
they  appear  in  the  difl'erent  intervals  when  these  are  formed, 
first  from  the  deepest  notes,  then  from  higher  and  higher  up 
to  highest,  and  so  as  not  to  disturb  their  connexion.  There 
yet  remains  a  class  of  phenomena  which  I  will  now  describe. 

We  have  seen  above  that  in  the  clang  of  the  two  notes  80 
and  148  v.  s.,  the  roll  of  the  34  lower  beats  »i,  and  the  single 
audible  6  upper  beats  m'  can  be  separately  heard,  that  in  the 
neighbourhood  of  the  iifth  C  :  Gr  a  strong  confused  rattle  is 
caused  by  the  coexistence  of  these  two  kinds  of  beats,  and 
that   finally   in   the   high   octaves,  as   also   in  the  intervals 

n  :  hn  +  m,  if  m  approaches  to  -,  both  the  beat-notes  m  and 

id 

m'  can  be  observed  together.  These  two  beat-notes,  which 
appear  side  by  side,  are  in  the  same  relation  to  each  other  as 
would  be  the  case  with  two  equal  primary  notes  of  the  same 
intensity  :  i.  e.  if  they  are  near  the  unison  they  allow  strong 
beats  to  be  heard ;  if  they  form  ahnost  the  interval  of  an  oc- 
tave they  also  produce  beats,  which,  however,  are  weaker  ;  and 
in  the  same  way  their  broken  twelfth  will  also  allow  beats 
to  be  heard. 

In  the  intervals  n  :  lin  +  wi  the  two  beat-notes  m  and  m'  are 

in  unison  if  in^-,  therefore  in  the  intervals  2  :  3,  2  :  5,  2  :  7. 

J/ 

If,    however,    ?n=-+l,    then  n  — ?h  =  -— 1,  and  Ave  obtain 

two  beats. 

The  upper  beat-note  nn'  is  the  higher  octave  of  the  lower 

beat-note  m  if  m=  5,  and  therefore  in  the  intervals  3:4,  3:7 — 
o 

If,    however,    ?/i  =  -+l,  then   ?i  — ?«= —  —  1,  and  we  obtain 
o  3 

/^  +  2 ")  -  (^'  -  1  Y,  t.  e.  three  beats. 
The  lower  beat-note  is  the  higher  octave  of  the  upper  beat- 
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note  if  >n  =  ~  ,  and  therefore  in   the  intervals  3  :  3,  3  :  8,     If, 
3 

however,  m  =*■-+ 1,  then  ?i— ?/i=.— 1,   and  we  again  ob- 
o  3 

tain  i~+  1  j  —  ("'-  —  2  j ,  t.  ^.  three  beats. 

The   beat-notes    m   and    ///  together   form  the    twelfth  if 

n  .  3 

111  =  -:,  in  the  intervals  2:5,4:9;  and  if  m  =  ^ ,  in  the  intervals 
4'  '  '  4' 


71  .  -,    ,^  I     3n 


4  :  7,  4  :  11.     If //i=     +  1,  then  ??/=*--  — 1,    and   we    obtain 
4  4 

y^t^  +  3  J ._  I  L 1  \    /,  e.  four  beats. 

In  general,  then,  when  the  higher  note  deviates  by  a  double 
vibration  from  the  perfect  interval,  there  ensue  two  beats  in 
the  intervals  2:3,  2  :  5,  2  :  7,  three  beats  in  the  intervals  3  :  4, 
3  :  7,  and  3:5,  3:8,  and  finally  four  beats  in  the  intervals 
4:5,4  :  9,  and  4  :  7,  4  :  11. 

By  the  use  of  the  loud  notes  at  my  disposal  I  was  able  to 
make  the  following  observations  on  these  secondary  beats 
arising  from  beat-notes. 

Near  the  fifth  double  E  and  double  B,  where  the  primary 
notes  make  a  distinct  rattle,  only  one  or  two  secondary  beats 
are  audible  ;  at  the  fifth  double  G  :  D  (96  :  144  v.  s.),  where 
also  the  primary  beats  make  a  distinct  rattle,  but  where,  in 
consequence  of  the  greater  intensity  of  the  primary  notes,  thev 
are  much  louder,  the  secondary  beats  to  the  number  of  8,  and 
above  the  fifth  to  the  number  of  10,  can  be  followed  ;  in  fact, 
above  the  fifth  they  are  more  distinct,  as  is  also  the  case  in  the 
higher  positions, — which  may  be  explained  by  the  fact  that  in 
this  neighbourhood  the  intensity  of  the  lower  and  upper  beats 
must  be  more  nearly  equal,  because  the  upper  beats,  Avhich 
are  weaker  e^-en  when  their  number  is  the  same,  are  not  here 
so  numerous  as  the  lower  beats  ?«,  whilst  below  the  fifth  the 
contrary  is  the  case.  With  equal  intensity  of  the  fundamental 
note,  the  secondary  beats  are  most  distinct  when  the  higher  note 
is  somewhat  weaker,  while  the  rattle  of  the  primary  beat  is 
loudest  when  the  higher  notes  are  the  stronger. 

In  the  interval  A^dth  the  fundamental  note  C,  I  was  only 
able  to  observe  the  secondary  beats  in  the  interrupted  unison 
tn  and  7//,  but  there  as  far  as  the  third  period.  They  may  be 
perceived  at  C  :  G  (2  :  3)  to  the  number  of  6  or  8,  and  at 
C  :  <?  (2  : 5)  to  the  number  of  5  or  6.  At  2  :  7  two  or  three 
may  be  heard. 

In  the  intervals  double  E  :  double  B,  double  G:  D,  and  C  :  G, 
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the  secondary  beats  sound  in  conjunction  with  the  loud  rattle 
of  the  primary  beats  somewhat  in  the  manner  that  I  have  de- 
scribed above  in  the  simultaneous  sounding  of  80  :  144  v.  s. 
At  G  :e,  however,  where  the  rattle  of  the  primary  beats  is 
already  much  weaker,  it  disajipcars  before  the  secondary  beats ; 
and  the  same  thing  occurs  at  the  fifth  c  :  g. 

In  the  intervals  with  the  fundamental  note  c,  the  whole  system 
of  secondary  beats  can  be  very  fully  observed.  The  beats  of 
the  unison  of  the  beat-notes  can  not  only  be  numerously  and 
clearly  heard  in  the  intervals  2  :  3,  where  they  can  be  followed 
till  they  change  to  a  rattle  of  from  12  to  16,  at  2  :  5,  2  :  7,  and 
even  at  2  :  9  to  the  number  of  about  4,  but  also  in  the  octave 
formed  by  m  and  m'  at  3  :  4,  3  :  5  to  about  6  or  8,  at  3  :  7  and 
3  :  8  (the  former  Aveaker  than  the  latter)  to  about  4,  and  at 
3  :  11  in  the  third  period  to  3  or  4.  The  beats  of  the  twelfth 
of  m  and  m'  are  only  perceptible  in  the  first  period  at  the  in- 
tervals 4  : 5  and  4:7,  and  can  only  be  followed  to  about  3 
or  4. 

In  the  intervals  with  the  fundamental  note  c'  the  vibrations 
of  my  tuning-forks  are  somewhat  less  favourable  than  in  those 
just  mentioned  with  the  fundamental  note  c.  Consequently  the 
secondary  beats  at  the  unison  of  the  beat-notes  m  and  m!  in  the 
first  three  periods  were  really  quite  distinctly  audible  in  the 
intervals  2  :  3,  2  :  5,  and  2:7;  and  when  they  formed  together 
the  octave,  in  the  first  period  only,  at  3  : 4  and  3:5. 

Ill  the  first  period  of  the  interval  with  the  fundamental  note  c", 
the  secondary  beats  can  be  perceived  in  all  intervals  in  which 
the  beat-notes  stand  in  the  ratio  of  1  : 1, 1  :  2,  and  1  :  3  to  one 
another  ;  in  the  second  period,  however,  only  a  few  distinct 
beats  at  2  : 5  and  some  very  weak  ones  at  3  :  7  can  be  dis- 
tinguished. 

Intervals  with  the  fundamental  note  c'"  are  formed  in  the 
first  period  by  a  powerful  tuning-fork  for  the  fundamental  note, 
and  weaker  forks  for  the  upper  notes.  Here  the  secondary  beats 
are  only  heard  clearly  at  2  : 3,  and  further  at  3:4  and  3:5. 
Above  the  octave,  however,  with  the  powerful  forks  of  the 
octave  c^^  to  c^,  the  beats  of  the  beat-notes  are  heard  not  only 
at  2  :  5  and  2  :  7  and  at  3  : 8,  but  even  at  4  :  9. 

Experiments  on  all  these  intervals  formed  from  very  high 
notes  are  already  very  fatiguing  to  the  ear  ;  and  this  is  still 
more  the  case  in  the  intervals  of  the  octave  of  c^'^  to  c^.  I 
succeeded,  however,  in  distinguishing  besides  the  secondary 
beats  of  the  fifth,  and  the  fourth  and  sixth,  also  those  of  the 
third  and  of  the  ratio  4  :  7.  The  extraordinary  intensity  of 
the  notes  of  my  forks  for  this  octave  proved  itself  especially 
valuable  in  the  intervals  8  :  11  and  8  :  13. 


Sonn<lin(/  of  two  Notes.  433 

As  I  have  already  stated,  the  sinniltaiieous  sound  of  -lOlXi 
(c^^)  and  5(i32  v.  s!  (8:11)  allows  m  =  768  beats  (/')  and 
m' =  1'1^0  beats  (ef")  to  be  distinctly  heard,  besides  which  a 
quite  distinct  c" ,  which  is  =512  v/d.,  that  is,  =1280  —  768 
V.  d.,  may  lie  perceiyed  ;  and  the  same  result  is  obtained  by  a 
simultaneous  sound  of  40U6  and  ()()5()  y.  s.  (8  :  13)  when 
»i  =  1280  and  //('  =  7(I8  boats.  The  note  c"  may  also  be  clearly 
perceiyed  here  ;  so  that  the  secondary  beats,  if  their  number 
and  strength  are  sufficient,  melt  into  one  note  like  the  primary 
beats. 

I  only  obseryed  the  secondary  beat-notes  in  these  two  cases  ; 
but  there  they  were  quite  clear  and  distinct.  In  the  deeper 
octaye,  where  the  same  intoryals  produce  the  distinctly  audi- 
ble beat-notes  </  and  e" ,  the  latter,  in  consequence  of  the 
greater  weakness  of  the  primary  notes,  does  not  allow  the  c' , 
which  ought  to  be  there,  to  be  heard. 

AVith  regard  to  the  general  obseryation  of  the  secondary 
beats,  it  may  be  remarked  that  the  weaker  they  are,  the  less 
must  they  exceed  a  certain  number  if  they  are  to  be  clearly 
distinguished  ;  it  must  not,  therefore,  be  forgotten  when  the 
higher  primary  note  is  put  out  of  tune  in  order  to  bring  them 
out,  that  if  this  note  is  put  out  of  tune  by  one  double  yibra- 
tion,  2,  3,  or  4  secondary  beats  are  produced.  In  the  inter- 
yal  c  :  e  for  instance,  therefore,  the  latter  note  must  only  be  put 
out  of  tune  by  one  double  yibration  at  the  outside  if  the  se- 
condary beats  are  to  be  clearly  perceptible ;  otherwise  nothing 
more  is  heard  of  them ;  at  least  when  1  haye  struck  these 
notes  together  I  haye  neyer  distinguished  more  than  four.  At 
the  simultaneous  sound  of  c^^  and  e^^  the  secondary  beats  are 
also  most  distinctly  heard  when  they  are  about  four  in  num- 
ber. My  ^'^  fork  weighs  about  560  grammes;  and  even  a  little 
lump  of  wax  weighing  about  a  decigramme  attached  to  the 
end  of  one  of  its  prongs  puts  it  out  of  tune  to  the  extent  of 
a  double  "vabration,  and  thereby  allows  the  four  secondary 
beats  to  be  heard.  From  this  example  we  may  see  how 
easily  it  may  often  happen  that  the  secondary  beats  cannot  be 
perceiyed  merely  because  the  interval  of  the  two  primary 
notes  is  too  much  out  of  tune. 

I  have  already  remarked,  while  on  the  subject  of  pure  har- 
monic interyals,  that  until  now  all  beats  of  wider  intervals 
have  been  traced  back  to  the  beats  of  two  notes  near  the  uni- 
son. It  was  supposed  that  the  first  difference  note  of  the 
primary  notes  again  produced  difference  notes  with  these  pri- 
mary notes,  that  these  produced  others  with  the  primary  notes 
and  the  first  difference  note,  and  so  it  was  continued  until  two 
of  the  notes  near  the  unison  were  reached,  which  would  then 
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be  sounded  together.  Suppose,  for  example,  that  in  the  dis- 
turbed major  tliird  4n  :  bii-\-x  there  appeared, 

5/i  +  .t' — 4/«  =  /t  +  ,t' 

■in  —  (m  +  x)  =■  3?t  —  X 
bii-\-x  —{3ii  —  x)  =  2n  +  2x 

4h  —{•2n  +  2x)  =  2n  —  2x. 

and  then  2n  +  2x,  with  27i  —  2x,  allow  4.<;  beats  to  be  heard.  By 
this  proceeding  we  always  arrive  at  the  true  number  of  beats; 
but  we  are  obliged  at  the  same  time  always  to  suppose  the 
existence  of  notes  which  are  not  only  themselves  unheard,  but 
are  also  often  both  the  etfect  of  some  and  the  cause  of  other 
notes,  which  are  all  equally  inaudible.  In  the  example  here 
given,  5n  +  x  and  4?i  show  the  beat-note  n  +  x  at  a  certain  in- 
tensity ;  but  if  we  now  sound  a  primary  note  ?i  +  x  of  about 
equal  intensity  and,  at  the  same  time,  alone  with  the  primary 
note  in,  we  shall  only  hear  4.r  beats,  but  under  no  circum- 
stances a  note  3n — x  of  such  intensity  that  it  could  be  in  a 
position  to  produce  other  notes  again  in  fresh  combinations. 
This  note,  Sn—x,  to  judge  by  the  analogy  in  other  cases, 
would  not  be  strong  enough  for  this,  even  if  it  were  a  beat- 
note  ;  but  it  has  been  produced  from  n  +  x  and  4?i,  and  is 
therefore  only  a  difference  note;  and  how  far  below  the  beat- 
notes  in  intensity  are  the  difference  notes  and  summation 
notes  we  shall  see  later,  in  the  section  that  treats  of  these 
notes. 

With  how  much  caution  we  must  regard  an  explanation  of 
the  wider  intervals  of  the  beats  by  the  combination  notes 
becomes  still  more  obvious  if,  instead  of  an  interval  of  the  first 
period,  we  examine  a  simultaneous  sound  of  the  second  or 
third.  We  have  seen  above  that  distinct  secondary  beats  can 
be  heard  in  the  ratio  2:7.  If  this  is  formed  with  the  funda- 
mental note  c''',  both  the  beat-notes  m  and  ml  -=.0" ,  and  this 
c"  we  can  hear  loudly  and  distinctly.  If  the  iuterv^al  2  :  7  is 
less  out  of  tune,  and  m  and  m'  consequently  no  longer  in  clear 
unison,  they  sound  together  in  precisely  the  same  way  as  two 
primary  notes  c"  of  the  same  intensity  would  do  if  put  out 
of  tune  to  the  same  extent,  and  we  need  no  further  inaudible 
note  for  the  explanation  of  this  phenomenon  ;  but  according 
to  the  old  view, 

7;i  +  X  —  2n  {c'")  =  5>i  +  X  («"'  +  x) 

5?i  +  X  —  2n  =  Sn  +  x{(j"'  +  x) 
7n  +  x  —  (3/t  +  x)  =  -in  (c^') 

bn  +  x  —  4n  =  n  +  X  {c"  +  x) 

4:n—{n  +  x)  =  3n—x{</"  —  x)j 
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and  consequeutl}'  3  n  +  .v  and  3  n—x  would  givo  tho  beats 
2  X.  Notliing.  however,  can  bo  discovered  of  all  these  inter- 
mediate notes ;  and  we  may  well  suppose  therefore  that,  if  with 
such  extraordinarily  strong  notes  as  I  have  used  there  is  hardly 
any  probability  of  seoomlary  beats  being  ])r()(luced  by  combi- 
nation notes,  then  with  the  use  of  weaker  simple  notes  (such 
as,  for  example,  those  produced  l)y  organ-pipes)  the  supposition 
seems  to  be  deprived  of  all  probability  whatever.  But  if,  on 
the  other  hand,  we  succeeded  in  jn-oducing  such  powerful 
simple  ])rimary  notes  that  the  combination  notes  necessary  for 
the  formation  of  the  secondary  beats  according  to  the  old  view 
could  be  formed  with  suifieient  intensity,  even  in  this  case  the 
two  beat-notes  {m  and  ?//)  and  their  beats  might  have  attained 
to  such  strength  that  the  combination  notes  of  the  higher  order, 
falling  together  with  the  latter  beats,  might  still  form  only  an 
extremely  small  part  of  the  intensity  of  the  beats  hoard. 

In  order  to  allow  an  easy  review  of  all  my  observations  on 
primary  and  secondary  notes  and  beatr-notes,  I  have  drawn  up 
the  following  Table.  The  column  A  contains  the  primary 
notes  with  their  vibrations,  B  the  ratio  of  these  two  notes, 
C  the  number  of  lower  beats  m,  c  the  ratio  they  form  with  the 
fundamental  note  of  the  interval,  D  the  number  of  the  upper 
beats  m' ,  and  d  the  ratio  they  form  with  the  fundamental  note. 
Under  E  is  stated  how  the  lower  beats  m,  and  under  F  how 
the  upper  beats  ??/  are  to  be  heard.  Finally,  the  column  G 
contains  the  secondary  beats  and  secondary  beat-notes  arising 
from  the  combined  action  of  m  and  m' .  In  this  Table  I  have 
only  given  such  results  as  may  be  perceived  by  any  ordinarily 
good  ear  from  the  use  of  the  notes  which  I  have  employed 
in  these  experiments ;  and  I  have  noticed  especially  the  cases 
in  W'hich  notes  cannot  be  directly  distinctly  heard,  Avhose 
undoubted  existence  is  j)roved  not  only  by  secondary  beats, 
but  also  by  the  help  of  auxiliary  forks,  as  is,  for  example,  the 
case  in  the  beat-notes  of  the  intervals  c'  :  e'  and  c'  if'.  An 
"  ordinarily  good  ear,"  and  "  notes  such  as  I  have  employed," 
are  certainly,  in  spite  of  the  dimensions  of  the  tuning-forks 
and  sounding-boxes  stated  above,  premises  much  wanting  in 
precision  ;  but  it  stands  to  reason  that  even  the  phenomena 
resulting  from  the  simultaneous  sound  of  two  simple  notes 
can  only  be  stated  with  perfect  accuracy  in  relation  to  their 
intensity  Avhen  it  becomes  possil>le  to  express  the  intensity  of 
notes  of  different  pitches  by  a  common  ratio,  with  the  same 
precision  with  w^hich  we  can  now  state  the  pitch  of  their 
vibrations. 

A  few  apparent  anomalies  which  are  shown  by  this  Table, 
as,  e.  g.,  that  the  system  of  secondary  beats  can  be  less  perfectly 
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observed  in  the  intervals  with  the  fundamental  note  c'  than 
in  those  with  the  fundamental  notes  e  and  c" ,  and  the  absence  of 
beat-notes  in  the  intervals  with  the  fundamental  note  c"  which 
lie  above  2  : 5,  may  be  explained,  as  I  stated  above,  by  the 
lesser  intensity  of  the  notes  which  formed  the  intervals  in 
question. 

Table  of  the  Primary  and  Secondary  Beats  and  Beat-notes  observed 

directly. 

Intervals  with  the  fundamental  note  Double  E(  =  80  v.  s.). 


Db.  E 


A. 

B. 

T.  8. 

n:n+m 

Db.  E=  80 

1:1 

Db.  G  =  100 

4:5 

Db.  A  =  106-6 

3:4 

Db.  B=120 

2:3 

144 

148 

150 

156 

160 

Unison. 
Singly  audible. 
Loud  rattle. 


Weaker  rattle. 


c. 

0. 

m 

0 

10 

133 

i 

20 

32 

34 

... 

35 

... 

38 

G. 


0-2 

\/ 
/\ 
0-2 


26-6 
20 

8 

6 

5 

2 

0 


Appear. 
Distinct. 


Octave. 


Intervals  with  the  fundamental  note  Double  G(  =  96  v.  s.). 


Db.  G 


Db, 


Db 


Db 


G=  96 
116 
136 
140 

D  =  144 
148 
152 
153 

E  =  160 
172 
192 


1:1 


2:3 


3:5 


Unison. 

0 

Singly  audible.  ... 

10 

Loud  rattle. 

20 
22 

i 

24 
26 
28 
30 
32 
38 

0-8 


Q-i 


28 

26 

24 

i 

22 

20 

18 

16 

10 

0 

...| 

Loud  rattle. 


Singly  aud. 
Octave. 


Intervals  with  the  fundamental  note  C(  =  128  v.  s.). 
First  period  of  C  :  C  (1  : 1)  to  C  :  c  (1  :  2). 


T.  s. 

n:  n-\-in 

c 

C=128 
132 
136 
140 

1:1 

c 

D  =  144 
148 
152 
156 

8:9 

c 

E=160 
164 
168 

4:5 

c 

F=  170-6 
172 

3:4 


L^nison. 
Singly  audible. 


Simple  roU. 


m 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

21-3 

22 

Sounding  of  two  Notes. 
Table  {continued). 
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A. 

B. 

E.              c 

C. 

Q. 

D. 

m' 

d. 

R 

T.  8. 

II :  n  +  m 

m 

,                           176 

Confused  rattle. .. 

.      24 

40 

Confused 

180 

.     26 

0-8 

38 

rattle. 

184 

.     28 

36 

„ 

188 

.     30 

\  / 

34 

C:G=:192 

2:3 

32 

X 

32 

„ 

196 

.     34 

/^\ 

30 

ij 

200 

.     36 

0-8 

28 

2(M 

.     38 

26 

208 

.      40 

24 

,, 

212 

.     42 

22 

C:A=213-3 

3:5 

.     42-6 

20-3 

216 



.     44 

20 

Simple  roll. 

220 

18 

224 

4:7 

16 

228 

14 

.  232 

•     ••• 

12 

,, 

236 

10 

Singly  audi- 

0-.6=240 

8  :  is 

) 

8 

ble. 

244 

! 

6 

248 

4 

252 

2 

C:c=256 

1:2 

•  1    ... 

0 

Octave. 

Second  period,  from  C  :  c  (1  : 2)  to  C  :^  (1  : 3). 

V.  S. 

n  •.27i+m 

m 

m' 

C:c=256 

1:2 

Octave. 

.       0 

260 

Singly  audible.  . 

2 

264 

4 

268 

» 

.       6 

272 

.       8 

276 

..     10 

280 

Simple  roll. 

.     12 

284 

>) 

..      14 

C:d=288 

4:9 

.. 

..     16 

292 

» 

.     18 

296 

Confused  rattle.  . 

..     20 

44 

Confused 

300 

..      22 

42 

rattle. 

304 

"               1 

..     24 

40 

J, 

308 

Weak     rattle,  !. 

..     26 

0-6 

38 

,, 

312 

which  disap-  . 

..     28 

36 

„ 

316 

pears    before  . 

..     30 

\     / 

M 

„ 

C:f=320 

2:5 

the  secondary 

1      32 

V 

32 

^, 

324 

beats. 

..     34 

/\ 

30 

ji 

328 

..     36 

0-6 

28 

J, 

332 

,, 

..     38 

26 

„ 

336 

Mere  rough- 

..    40 

24 

Mere  rough- 

340 

ness. 

.J     ... 

22 

ness. 

C:/=341-3 

3:8 

21-3 

J, 

344 

20 

,, 

348 



..l     ... 

18 

Simple  roll. 

352 

|. 

16 

jj 

356 

.. 

14 

„ 

360 

\ 

12 

364 

..      ... 

10 

Singly  audi- 

368 



8 

ble. 

372 

1 

6 

,. 

376 

4 

380 

2 

C:o=384 

1                       ^ 

1:3 



0 

Twelfth. 

438 
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Table  (continued). 
Third  period,  of  C  :  57  (1  :  3)  to  C  :  c'  (1  :  4). 


i                 A. 

B. 

E. 

c. 

0. 

G. 

D.     c 

I.           F. 

V.  s. 

n  :3w+m 

m 

m' 

C:c'=384 

1:3 

Twelfth. 

0 

388 

Singly  audible. 

2 

392 

jj 

4 

396 

6 

400 

,, 

8 

404 

Simple  roU. 

10 

•408 

,, 

12 

412 

14 

416 

,, 

16 

420 

Confused    and 

18 

.  Confused, 

424 

weak  rattle. 

20 

weak  rattle. 

426-6 

21-3 

428 

,, 

22 

432 

jj 

24 

40 

436 

,j 

26 

38 

440 

,j 

28 

0-3 

36 

444 

J, 

30 

34 

1 

448 

2:7 

.J 

1 

32 

X 

32 

1 

452 

^j 

34 

30 

456 

Mere  rough- 

36 

28      . 

.  Mere  rough- 

460 

ness. 

26      . 

. !     ness.             ■ 

464 

24     . 

,, 

468 



22      . 

472 

20     . 

476 

18      . 

480 

16     . 

484 

14     . 

.. 

488 

12      . 

,j 

492 



10     . 

.  Singly  audi- 

496 

8     . 

ble. 

500 



6     . 

604 

4     . 

i> 

:                                508 

2      . 

,,     [tare. 

1                              512 

i:4 

0      . 

.  Double     oc- 

Fourth  period,  from  C  :  c'  (1  : 4)  to  C  :  e'  (1 

:5). 

V.  s. 

n-An-\-m 

m 

m' 

C:c'  =  512 

1:4 

Double  octave. 

0 

520 

Singly  audible. 

4 

628 

8 

536 

Simple  rattle. 

12 

644 

Faint  rattle. 

16 

552 

Pure   simulta- 

20 

560 

neous  sound. 

24 

568 

,, 

28 

C:<^'=576 

2:9 

.. 

32 

616 

10     . 

.  Perceptible. 

624 



8     . 

.   Singly  clear. 

632 

4 

C:e'=640 

1:5 

1:5 

0      . 

.  Third  of  the 
double  Oct. 
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Table  (continued). 
Fifth  period,  from  C  :  /  (1  : 5)  to  C  :/  (1  :  6). 
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A. 

B,                   E. 

c. 

c. 

G. 

D. 

d\          F. 

V.  s. 
C:e'=640 

n  :5»4-wi 
1:5 

Third  of  double 

m 
0 

m' 

648 
656 
660 
664 



oclave. 
Singly  audible. 

Still  clear. 
Disappear. 

4 

8 

10 

12 

1 

1 

748 

752 

7(>0 

C:/  =  768 

i-'e 

...     1 

10 
8 
4 
0 

...  Appear. 

...'  Singly  clear. 

...  Fifth  of  the 
j     double  Oct. 

Sixth  period,  from  C  :/  (1  :  6)  to  C  :  896  v.  s.  (1  :  7). 

v.s. 
C:/=768 

776 

780 
784 

1:6 

;;;;;; 

Fifth    of    the 
double  octave. 
Singly  audible. 
Still  distinct. 
Disappeared. 

m 
0 

4 
6 

8 

m' 

884 
888 
892 
896 

1:7 



6 
4 
2 
0 

Faintly  aud.  i 

Quite        di-  \ 

stinct.          1 

Pure  1:7.      j 

Seventh  period,  from  C  :  896  v.  s.  (1  :  7)  to  C  :  c"  (1  : 8). 

C:   896 
900 
904 

n  :7??+>« 
1:7 

Pure  1  :  7. 
Singly  audible. 
Still  distinct. 

'.'.'. 

m 
0 
2 
4 

m' 

1 

1016 
1020 

1024 

1:8 

Disappeared. 

6 



4 
2 

0 

Perceptible. 
Quite        di- 
stinct.         1 
Third  octavc.l 

InteiTals  with  the  fundamental  note  c(  =  256  v.  s.). 

First  period,  from  c:e(l:l)toc:c'(l:2). 

V.  9. 

c:c=256 
264 
272 
280 

c:<Z=288 
296 
304 
312 

c:e=320 

}i:n  +  III 
1:1 



8:9' 

4:  .5 

Unison. 
Singly  audible. 

Simple  rattle. 

)( 

Confused  rattle. 

i 

m 

0 

4 

8 

12 

16 

20 

24 

28 

32 

0-4 

m' 

100 
96 

3 

1 
.    1 

328 
336 
c:y=;«l-3 
344 
352 

3:4 

" 

i 

36 

40 

42-6 

44 

48 

0-4 
0-6 

X 

0-6 

92 

88 
85-3 
84 
80 

2 
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A. 

B. 

E. 

c 

C. 

G. 

D. 

d. 

F. 

V.  s 

n:  n+m 

m 

m! 

360 

The  rattle  gets 

52 

76 

368 

graduallj- 

i56 

0-8 

72 

1 

376 

fainter,     and 

,60 

68 

r:<7  =  384 

2:3 

disappears 

64 

X 

0-10 

64 

Eoughness 

392 

before  the  se- 

68 

60 

... 

(C  scarcely  | 

400 

condary  beats. 

72 

56 

audible). 

408 



76 

52 

„ 

416 

1 

80 

0-6 

48 

,. 

424        1 

84 

44 

f:a  =  426-6     3:5 

2 

85-3 

X 

0-8 

42-6 

1 

,, 

432 

88 

40 

» 

440 

92 

0-4 

36 

More  distinct! 

448 

4:7 

3 

96 

>  <: 

32 

1 

roU.              ! 

456 

0-4 

28 

; 

464 

24 

,, 

472 

20 

c:i=480 

8:15 

16 

Singly  aud. 

488 

12 

., 

496 

1 

8 

,, 

504 

4 

c:c'=o\2 

1:2 

0 

...  Octave.            : 

1                          i 

Second  per 

iod,  from  p  :  c'  (1  :  2) 

to  c:g'  (1 

:3).                        1 

T.  S. 

n :  2n+m 

m 

m' 

! 

c:c  =512 

1:2 

Octave. 

0 

' 

520 

Singly  audible. 

4 

528 

8 

536 

12 

544 

Simple  roll. 

16 

552 

jj 

20 

560 

24 

568 

28 

c :  (f' =576 

4:9 

Faint  roll. 

32 

584 

Eoughness. 

36 

0-3 

92 

592 

40-6 

88 

596-3 

42 

X 

0-3 

85-3 

2 

600 

44 

84 

608 

Undisturbed 

48 

80 

1 

616 



simultaneous 

52 

76 

i 

i 
1 

624 

sound. 

56 

0-8 

72 

632 

60 

68 

c:c'=640 

2:5 

64 

X 

0-10 

64 

1 

648 
656 





68 
72 

60 
56 

1 
i 

664 



76 

52 

1 

672 

80 

48 

680 

84-3 

0-4 

44 

c:/ =682-6 

3:8 



85 

>-  <: 

42-6 

688 

88 

0-4 

40 

696 

36 

704 

32 

Roughness. 

712 

! 

28 

Powerful  r. 

720 

24 

Eoll. 

728 

20 

,, 

736 

16 

,, 

744 

•  •• 

12 

Singly  aud. 

752 

8 

,, 

760 

4 

„ 

c:<7'=768 

i:3 

0 

... 

Twelfth. 

Sounding  of  two  Notes. 
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Table  {continued). 
Third  period,  from  c  :  </'  (1  :  3)  to  c  :  c"  (1 


4). 


A. 

B.                   E.              c. 

c. 

G. 

D. 

d. 

P.           i 

I                                     V.  s. 

71, : '671  +  m                                  '     m 

tn! 

c:  q'  =  768 

1:3      .Twelfth.             1...;       0 

776 

Singly  audible. 

4 

784 

8 

792 

iRoll. 

12 

800 

,, 

16 

1                            808 

20 

816 

Roughness. 

24 

1                            824 

Undisturbed 
simultaneous    . . . 
sound. 

32 

0-8 

888 

1 

60 

68 

896 

2:7 

1 

64 

X 

0-10 

64 

1 

904 

68 

60 

912 

72 

56 

920 

76 

52 

928 

80 

0-'4 

48 

936 

84 

>  <c 

44 

944 

1:11 

2 

88 

0-4 

40 

1 

984 

20 

Roughness. 

992 

-  ... 

16 

Greater 

roughness. 

1000 

12 

Roll. 

1008 



8 

Singly  aud. 

1016 

4 

c:c"  =  1024 

1:4                 

1 

0   !... 

Double  Oct. 

Fourth  period,  from  c  :  c''  {1  :  4) 

ioc:e"  (1 

:5). 

V.  s. 

7i:47i-\-m 

m 

m' 

c:c"  =  1024 

1:4 

Double  octaye. 

... 

0 

1032 

Singly  audible. 

4 

0-4 

1148 

Undisturbed 

60 

X 

0-4 

68 

1 

c:<^"  =  1152 

simultaneous 

i 

64 

64 

lltiO 

sound. 

68 

60 

1272 

4 

Singly  aud. 

c:e"  =  1280 

1:5 



0 

Third  of  tbe 
double  oct. 

Fifth  period,  from  c  :  /'  (1  :  5)  1 

oc:g"  (1 

:6). 

V.  9. 

M :  5^n-\-m 

771 

m' 

c:e"  =  1280 

1:5 

Third    of    the 

0 

1304 

double  octiiTe. 
Singlj-  audible. 

12 

1520 

6 

Audible. 

c:ff"=\5m 

1:6 

0 

... 

Fifth  of  the 
double  Oct. 
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Table  {continued). 
Sixth  period,  from  f  :  /'  (1  :  6)  to  c  :  1792  v.  s.  (1  :  7). 


A.                 i       B. 

E.             c. 

C. 

a. 

D. 

d. 

F. 

V.  s.      )i:C)}i+m- 

! 

;/;. 

m' 

c:^"  =  1536         1:G 

Fifth    of    the   ... 

0 

double  octave. 

1552 

Audible. 

8 

1780 

6 

Audible. 

1792 

1:7      ' 

1 

... 

0 

Pure  1  :  7. 

Seventh  period,  from  c  :  1792  v.  s.  (1 

:  7)  to  c  :  c 

"'  (1  :  8). 

v..     1 

1' :  In  +  m 

in 

m' 

c:1792    I 

1:7 

Pure  1 : 7. 

0 

180-1    1 

Audible. 

6 

2040 

4 

Audible. 

c:-c"'  =  2048 

1:8      1 

... 

0 

Third  octave. 

Intervals  with  the  fundamental  no 

tecY  =  572 

V.  s.). 

First  period,  from  c' :  c^  (1  :  1)  to  c' :  c^'  (1 

2). 

V.  s. 

11 :  n-\-m 

m 

m 

c':c'  =  512 

1:1 

Unisou. 

0 

528 

Beats. 

8 

544 

EoU. 

16 

560 

Rattle. 

24 

c':d'=576 

8:9 

,, 

32 

592 

„ 

40 

608 

jj 

48 

624 

,j 

56 

0-4 

1 

c' :  e'=640 

4:5 

Roughness  and 

64 

r>  <: 

192 

3 

Soft  note  only  1 

656 

soft  note  C. 

72 

0-4 

184         '  perceptible b\*' 

80 
85-3 

0-8 

176 

beats  with 

672 

c':/'= 682-6 

3":4' 

0-8 

170-6 

2 

auxiliary 
forks 

688 

Note     without 

88 

168 

704 

roughness. 

96 

160 

„ 

720 

" 

104 

1.52 

„ 

736 

112 

0    16 

144 

„ 

752 

120 

136 

,, 

c':ff'=7Q8 

2:3 

„ 

128 

X 

128 

„ 

784 



,, 

136 

0-16 

120 

„ 

800 

Note       rather 

144 

112 

,. 

816 

louder. 

152 

104 

„ 

832 

„              '... 

160 

0    6 

96 

„ 

848 

.,               ... 

168 

X 

88 

c':  a' =853-3 

3:5 

„ 

2 

170-6 

85-3 

1 

864 

880 

Note        again 
fainter,      but 

176 

184 

0-6 

80 

72 

Note  scarcely 
perceptible 

896 

still  perceptible  ... 

192 

64 

even    with 

912 

with  auxiliary   ... 

56 

auxiliary 

928 

forks. 

48 

forks. 

944 

... 

40 

c':6'=960 

8:  is 

32 

Roughness. 

976 

24 

Roll. 

992 

16 

1008 



8 

Singly  aud. 

c':c"= 1024 

1:2 

'            

0 

Octave . 

Soniidliu/  of  f  too  Xotes. 


443 


Table  {continued). 
Second  period,  from  c" :  c"  (1 :  2)  to  /  :/'(!:  3). 


1                 A. 

1 

B.       1            E. 

c. 

C. 

G. 

D.     ef.l          F. 

V.  9. 

»:  2»+7« 

»». 

ni.  \ 

c':c"  =  l(.24 

1:2 

Octave. 

0 

1032 



Singly  audible. 

4 

1040 

8 

c':d'=ho2 

4:9 

Faint  roughness 

64 

c':e'  =  l280 

2:5 

1 

128 

0-4 
>-  <: 

128 

1 

f':/"  =  13Co-3 

3:8 

... 

170-6 

l-iUC 



20 

... 

Eoughness. 

1512 



... 

12 

Singly  aud. 

1520 

8 

„ 

1528 

4 

,, 

c'  :_^"=1536 

1:3 

...   . 

0 

Tvrelfth. 

Tliird  period,  from  c' :  g"  (1  :  3)  to  c' :  c'"  (1 

:4). 

T.  S. 

n:Zn-\-m 

m. 

m'. 

f':o"=1536 

1:3 

Twelfth. 

0 

1552 

Singly  audible. 

8 

1578 

Roughness. 

16 

0-3 

1792 

2:7 



1 

128 

0-3 

128 

2028 

10 

Rattle. 

2032 

8 

Singly  aud. 

2(m 

... 

4 

J, 

C :  c'"=2048 

1:4 

... 

0 

Double  octave 

Fourth  period,  from  c^ :  c'"  (1  :  4) 

to  c' :  e'"  ( 

L:5). 

T.  S. 

n :  4»+«2 

m. 

m'. 

c':c"'=2048 

1:4 

Double  octave 
beats  to  about 

8 

c' :  rf"'=2304 

2:9      1  Unbroken 
clang. 

5550 

...... 

5   ... 

Singly  aud. 

c' :  e"'  =  5560 

1:5 

0   ... 

Third  of  the 

double  octave 

Fifth  period,  from  d  x^"  {\:  5) 

to/:/-( 

1:6). 

V.  s. 

n :  5w+»j 

m. 

m'. 

c':e"'=5560 

1 :  5        Third    of    the 
double  octaTe. 

0 

5570 

Singly  audible. 

5 

3066 

3 

Singly  aud. 

c':5'"'=3U72 

1:6                 

0 

Fifth  of  the 

. 

_ 

double  octave 
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Table  (contimied). 

Intervals  witli  the  fundamental  note  c"(  =  1024  v.  s.). 

First  period,  from  c'' :  c''  (1  : 1)  to  c"  :  c'"  (1 :  2). 


A. 

B. 

E.              c 

.      C. 

G. 

D.     d 

F. 

T.  S. 

n :  n-\-m 

m. 

m'. 

c"  :<•'■  =  1024 

1:1 

Unison  beats. 

0 

c":(/"  =  1152 

8:9 

Note  C  weak. 

.      64 

Clearly 

c":e"  =  1280 

4:5 

Note  c  strong. 

I     128 

distinguish^^ 

384     3 

Note  ff'  weak. 

1 

c":/"= 1365-3 

3:4 

/  strong, 

I    170-6 

X 

341-3  2 

/'   blended 

i 

o":^"=:1536 

2:3 

Note   c'    quite 

I    256 

Very 

X 

256     1 

with  /. 
c'  quite  loud. 

strong. 

clear. 

Clearly 

c":  a"  =  1706-6 

3:5 

Note  /'  loud. 

2    341-3 

X 

170-6  ] 

/loud. 

1792 

4:7 

Note  g'  distin- 
guishable. 

3!  384 

distinguish- 

X 

able. 

128     1 

c  distinguish- 
able. 

c":  6"  =  1920 

8:15 

64    . 

.  Roughness  & 
C  very  weak 
beats. 

c":c"'  =  2048 

1:2 



0    . 

.  Octave. 

Second  period,  from  c"  :  c'''  (1  :  2)  to  c''  -.g'"  (1:3). 

V.  s. 

n:  2n-\-m 

m. 

m'. 

c":e"'=2048 

1  :2 

Octave  beats. 

c":tZ"'  =  2304 

4:9 

c  audible. 

...    128 

Hardly 

2389-3 

3:7 

/  audible. 

1     170-6 

audible. 

341-3 

2  /  blended 
with/'. 

c":e"'=2560 

2:5 

c  quite  loud. 

1    256 

Clear. 

256 

1    c' quite  loud. 

c-":/"'=2730-(: 

3:8 

2816 

4:11 

Beats, 

c":^"'==3072 

1:3 

i 

...  Twelfth. 

Third  period,  from  c"  :  g'"  (1 :  3)  to  (^' :  c^^  (1 : 4). 

V.  s. 

11 :  3n-\-') 

n 

m. 

m'. 

1 

c":^"'  =  3072 

1:3 

Twelfth  beats. 

...       0 

...  Beats. 

c":  e"=4096 

!     1:4 

...   .'..       :  0 

...  Double  octave 

Sounding  of  tioo  Notes. 
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Table  {conthuied). 
Intervals  with  the  fundamental  note  c^"(  =  20-iS  v.  s.). 
First  period,  from  c'"  :  c'"  (1 : 1)  to  c"' :  c"'  (1:2). 


A. 

B. 

iC. 

c. 

c. 

G. 

D. 

d. 

F.           I 

1 

V.  9. 

n :  n-\-m 

m. 

m'. 

c"':c"'=20i8 

1:1 

Tuison  beats. 

0 

c"':d"'=230i 

8:9 

c  quite  audible. 

128 

2389-3 

6:7 

/quite  audible. 

170>6 

Audible. 

c"':e"'=2560 

4:5 

c'  loud. 

1 

256 

768 

3 

g"  faint. 

c"':/"'=2730-6 

3:4 

/'  loud. 

1 

341-3 

Distinct. 

682-6 

2 

/"  blended 
with  /'. 

2816 

8:11 

g'  loud. 

384 

640 

c"loudwith^' 

c"':ff"'z=3072 

2:3 

c"  very  loud. 

1 

512 

Loud. 

512 

1 

c"  very  loud. 

3328 

8:13 

e"  loud. 

640 

384 

/loud  withe" 

c"' :  a"'=3413-3 

3:5 

/"  distinct. 

2 

682-6 

Distinct. 

341-3 

i 

/'  distinct. 

3584 

4:7 

ff"  perceptible. 

3 

768 

>>  <: 

2.56 

1 

c'  perceptible. 

c"':  6'"  =  3840 

8:15 

Audible. 

128 

c  distinct  beats 

c'" :  c"=4096 

1:2 

0 

...  Octave. 

SeCOE 

id  perio 

i,  from  c'"  :  c^^  (1:2)  toe'":r/i^ 

(1:3). 

T.  S. 

11 :2n-\-m 

m. 

m'. 

c"':c"  =  4096 

1:2 

Octare. 

0 

Perceptible. 

c'" :  rf"=4608 

4:9 

c'  loud. 

1 

256 

:>  <: 

768 

3 

g"  feeble. 

c"':e"  =  5120 

2:5 

c"  loud. 

1 

512 

Loud. 

512 

1 

c"  loud. 

c"':/"=5461-3 

3:8 

/"  powerful. 

2 

682-6 

>-  << 

341-3 

1 

/'  weaker. 

5632 

4:11 

ff"  faint. 

768 

Perceptible. 

266 

c'  quite  aud. 
Beats, 

c"':g"=ei44: 

1:3 

0 

Twelfth. 

Third 

period, 

from  f"':</'^'  (1:3)  to  c""  :  c^  (1 

:4). 

T.  S. 

n :  3;(  +  wi 

m. 

m'. 

c"':y'v=6144 

1:3 

Twelfth. 

0 

6656 

4:13 

c'  audible. 

256 

c"':fl"  =  6826-6 

3:10 

/'  audible. 

|... 

341-3 

682-6 

/"    blended 
with  /'. 

7168 

2:7 

c"  distinct. 

Il 

512 

Audible. 

512 

1 

c"  distinct. 

c'":  6"= 7680 

j    4:15 

256 

c'   faint  but 
distinct. 

7936 

8:31 

128 

c  perceptible. 

c"':c'=8192 

1:4 

i 

1 

Double  octave 
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Table  {continued). 
Intervals  with  the  fundamental  note  f"'(  =  4096  v.  s.). 


A. 

B. 

E. 

c. 

C. 

G. 

D. 

d. 

F.          1 

V.  9. 

■ 
n  :  n  4-  m 

m. 

m'. 

! 

c":c" =40% 

1:1 

Unison  beats. 

c":(^"=4608 

8:9 

c'  loud. 

256 

1 
1 

c'v:e"=5120 

4:5 

c"  loud. 

1 

612 

Audible. 

3 

c":/.v =5461-3 

3:4 

/'"  loud. 

1 

682-6 

r>  < 

2 

1 

Distinct. 

' 

5632 

8:11 

cf"  loud. 

3 

768 

c" 

1280 

5 

e'"  loud. 

c>v:^iv=6]44 

2:3 

c'"  loud. 

1 

1024 

Loud. 

1024 

1 

c'"  loud.          J 

665G 

8:13 

e'"  loud. 

5 

1280 

c". 

768 

3 

g"  loud.          t 

r":rt.v =6826-6 

3:5 

/'"  audible. 

2 

1365-3 

Distinct. 

682-6 

1 

/"  audible.     ' 

7168 

4:7 

g'"  weaker. 

3 

1536 

>-  < 

Audible 

512 

1 

c"more  power- 
ful than  g".  j 

fiT :  J.v=7680 

8:15 

256 

c'  loud.           1 

7936 

16 :  31 

128 

...  c  loud.            1 

8064 

32:63 

64 

0  perceptible, 
beats. 

c":c'=8192 

1:2 

Octave. 

[To  be  continued.] 


LII.    On  Salt  Solutions  and  Attached  Water. 
By  Feederick  Guthrie. 

[Continued  from  p.  369.] 

Correlation  between  the  Boiling  and  the  Glaciation  of  Salt 
Solutions. 
6  139.  ~F  OOKING  upon  the  phenomenon  ofsolution  as  being 
■I  J  brought  about  by  the  exercise  of  the  force,  physical 
affinity  and  regarding  the  act  itself  as  being  in  the  first  instance 
caused  by  the  prevalence  of  what  may  be  called  physical  adhesion 
(as  distino-uished  from  mechanical)  between  the  water  and  the 
salt  over  the  sum  of  the  physical  cohesions  of  the  water  and  of 
the  salt  we  must  after  the  first  contact  (that  is,  when  some  of 
the  salt  is  dissolved)  regard  the  contest  as  between  the  physical 
adhesion  between  the  salt  and  the  solution  of  it  on  the  one 
hand  and  on  the  other  the  physical  cohesion  of  the  salt  toge- 
ther with  the  physical  cohesion  of  the  solution  of  it.  By  an 
increase  of  temperature  the  physical  cohesion  of  the  salt  is  les- 
sened. By  the  solution  of  more  salt  the  physical  adhesion  be- 
tween the  "salt  and  the  solution  is  lessened.  Thus  a  partially 
saturated  solution  so  far  resembles  what  some  chemists  call  a 
partially  saturated  atom,  that  it  exhibits  not  necessarily  a  lesser 
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energy,  but  always  a  lesser  oapaeity  for  saturation  than  a  still 
less  saturated  one.  (Witness  anhydrous  sulphate  of  magiK,'- 
sium  comi)ared  with  the  erystallinesalt.)     Let  us  suppose  that 

at  a  temperature  t°  a  weight  w  of  Avater  dissolves  -  of  s,  the 

weight  of  the  salt.  Then  using  the  symbol  ^^  to  denote  either 
physical  adhesion  or  cohesion,  we  have  the  condition  of  equili- 
brium or  saturation  expressed  by  the  equation 

Or,  since  the  tensions  of  physical  adhesion  and  cohesion  are 
independent  of  quantity, 

'^("■+7')=-^'+("-+D^("'+n)- 
At  a  temperature  t°, 

'-  G^'+  ;^z)  =^^^^-  +  ("'+  ^)  ^  ("+  uTd)' 

where  d  is  +  or  —  according  generally  as  t°  is  >  or  < 
than  t°. 

The  expression 

implies  that  the  Avater  is  not  saturated  ;  while 

.^(..+-;)<.^.+(«+^)~  («■+•;) 

implies  that  it  is  supersaturated.  The  above  equations  are  the 
general  ones  for  all  salt  solutions  above  0°  C.  For  tempera- 
tures below  0°  C.  another  element  manifests  itself  Avith  greater 
force  as  the  temperature  is  lowered,  namely  the  physical  affi- 
nity between  the  solid  salt  and  solid  water.  If  in  fig.  1  we 
draw  a  straight  line  parallel  to  and  below  the  zero  axis  so  as  to 
cut  any  one  tracing  in  two  points  (it  never  can  be  cut  in  more 
than  two  points),  we  see  that  solidification  may  ensue  at  the 
same  temperature  in  two  differently  strong  aqueous  solutions 
of  the  same  salt.  The  intersection  with  the  left-hand  branch 
is  the  condition  of  equilibrium  resulting  from  the  equality  be- 
tween:— on  the  one  hand,  ice  ^^  ice  together  with  salt  ■^^  Avatcr  ; 
on  the  other,  salt  solution  ■—^  water, 

ice  ^-^  ice  +  .<t  ^^  (r  =  (»'+-)  -^^  ic. 

The  intersection  on  the  right-hand  branch  shows  the  condi- 


448 


Frederick  Guthrie  on  Salt  Solutions 


tions  under  which  there  is  equilibrium  between  : — on  the  one 
hand,  salt '^  salt  (or  hydrate  of  salt -^  hydrate  of  salt)  toge- 
ther with  the  salt  solution  ^-^  salt  solution  ;  on  the  other,  salt 
solution .— s  salt  or  hydrate, 

salt ^ salt  +(w+  ^J  ^  (ic  +  ^\=(w+  ^j^ s. 

Looking  upon  the  cryohydrate  as  a  common  value,  we  have 

n       m)  \n      m/ 


ice 


ice  +  s^^s  +  ice 


§  140.  Compare  now  the  decomposition  of  a  salt  solution  by 
the  loss  of  heat  with  the  decomposition  by  gain  of  heat  when 
such  a  solution  boils.  And  in  instituting  this  comparison,  we 
must  bear  in  mind  hoAv  much  more  sensitive  to  variation  in 
pressure  is  the  boiling-  than  the  solidifying-point. 


(1)  A  solution  poorer  than 
the  cryohydrate  loses  heat ;  ice 
is  formed. 

(2)  This  goes  on  until  the 
proportion  of  the  cryohydrate  is 
reached,  the  temperature  falling. 

(3)  The  cryohydrate  may  be 
reached  by  freeziiig  out  ice  from 
a  weaker  solution,  or  by  any 
other  \^-ithdrawal  of  water. 

(4)  AYhen  ice  separates  from 
a  liquid,  it  remains  in  contact 
with  the  hquid,  and  endeavours 
to  redissolve  therein, 

(5)  AVTien  by  the  separation 
of  ice  the  proportion  of  the 
cryohydrate  is  reached  (nearly 
independent  of  pressure),ice  and 
the  salt  separate  simultaneously. 

(6)  The  two  bodies  (ice  and 
the  salt)  being  crystallizable 
solids,  unite  to  form  a  crystalli- 
zable cryohydrate  which  exhi- 
bits a  constant  gravimetric  com- 
position. 

(7)  A  cryohydrate  in  the  act 
of  solidiiication  shows  identity 
of  composition  between  the  solid 
and  liquid  portions.  The  tem- 
perature of  solidification  is  con- 
stant. 


(1)  A  solution  poorer  than 
that  saturated  at  a  given  tem- 
perature receives  heat ;  vapour 
is  formed. 

(2)  This  goes  on  until  satura- 
tion is  reached,  the  temperature 
rising. 

(3)  Saturation  may  be  reached 
by  evaporation,  boiling,  or  any 
other  withdrawal  of  water. 

(4)  Vapour  separated  from  a 
liquid  is  removed  from  the  field 
of  contention,  unless  the  liquid 
be  enclosed  with  the  vapour. 

(5)  AVhen  by  the  separation 
of  vapour  the  proportion  of  sa- 
turation is  reached  (verj^  depen- 
dent upon  pressure),  vapour  and 
the  salt  separate  simultaneously. 

(6)  One  being  a  solid  and  the 
other  a  vapour,  they  do  not 
unite,  but  m  their  separation 
preserve  a  constant  gravimetric 
ratio  under  like  conditions  of 
pressure. 

(7)  A  saturated  solutiou,when 
boiling,  shows  the  same  ratio  be- 
tween the  vapour  formed  and 
the  salt  precipitated  as  exists  be- 
tween the  liquid  water  present 
and  the  salt  it  holds  in  solution. 
The  temperature  of  boiling  is 
(imder  like  pressure)  constant. 
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§  141.  A  cryohydrato  un(lorn;()ino;  solidification  may  tliorc- 
fore  be  considered  })liysically  as  x\w.  lioniolo^uo  of  a  saturated 
salt  solution  in  the  act  of  l)()ilin<>;.  For  absolute  coniiiarison 
we  should  have  to  eliminate  pressure,  or  rather  make  auto- 
matic pressure  the  measia-e  of  the  effect  of  elimination. 
Wiillner  (Poog.  Ann.  Bd.  ex.)  found  that  the  vapour-tension 
of  a  salt  solution  varied  inversely  with  the  amount  of  suit  it 
contained.  Thus  at  51°"8  the  vapour-tension  of  atpieons  so- 
lutions of  chloride  of  sodium,  in  mercury  pressure,  were  found 
to  be : — 

H,  O.  NaCl.  niillim. 

100  0  100 

90  10  94 

80  20  88 

Wiillner  also  found  that  the  diminution  of  the  vapour-ten- 
sion etf'ecteil  by  a  given  percentage  of  the  salt  increases  as  the 
vapour-tension  increases  ;  that  is,  the  diminution  is  greater  as 
the  temperature  is  greater.  Looking  upon  vaponr-tension  as 
the  mechanical  equivalent  of  eifort  at  se{)aration,  we  find  that 
it  has  its  perfect  counterpart  in  the  left-hand  branches  of  the 
curves  of  fig.  1.  Compare  the  quantity  of  vapour  with  the 
quantity  of  ice.  The  left-hand  branches  are  nearly  straight 
lines;  but  they  are  on  the  whole  clearly  concave  downwards. 
The  variation  in  the  nature  of  the  salt  also  affects  the  vapour- 
tensions;  and  on  constructing  the  cun^es  of  vapour-tension  of 
different  salts  in  solutions  of  different  strengths,  we  see  that 
the  ice-curve  is  algebraically  continuous  Avith  the  vapour-ten- 
sion curve.  The  same  may  be  also  seen  if  we  assume  that  the 
atmospheric  pressure,  being  constant,  will  not  affect  the  order 
of  curvature  of  the  curves  representing  the  ratio  of  salt  in  a 
solution  and  its  boiling-point. 

§  142.  The  fact  that  the  separate  constituents  of  a  solution 
of  the  proportion  of  a  cryohydrate  are  both  of  one  form  of 
matter,  of  course  favours  their  combination.  With  boiling 
aqueous  solutions  the  dissimilai'ity  of  the  educts  is  generally 
unfavourable  to  their  union.  There  is  ample  evidence,  how- 
ever, of  a  similar,  though  less  definite  (because  more  influenced 
by  pressure),  reunion  of  the  constituents  of  certain  solutions. 
If  an  indefinite  quantity  of  dilute  alcohol  be  rectified  100 
times  at  a  constant  pressure  in  such  a  manner  that  the  first 
(say  half)  portion  is  redistilled,  the  water  is  ncA'cr  eliminated, 
nor  does  the  strenorthenino-  extend  bevond  a  definite  limit. 
-Perhaps  the  experiments  bearing  most  directly  upon  this 
train  of  thought  are  those  of  Iloscoe  and  Dittmar  on  the 
hydration  of  acids.  Since,  for  instance,  nitric  acid  contain- 
ing }^0  per  cen.t.  of  HNO3  is  weakened  on  boiling  (considcr- 
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ing  the  rositlual  body),  and  an  acid  containing  60  per  cent, 
is  strongtlienGd  by  boiling,  until  in  both  cases  an  acid  con- 
taining nearly  70  per  cent,  of  HNO3  is  got,  which  boils  at 
120°  0.  at  760  millims.,  this  body  was  viewed  as  a  definite 
hydrate.     Roscoo  showed  that  this  acid,  if  it  be  boiled  at  a 
lower  or  higher  pressure,  is  itself  decomposed.     So  with  hy- 
drobromic,  hydrochloric,  and  hydriodic  acids,  with  sulphuric 
acid,  and  with  ammonia.     We  have  here  physical  ratios  con- 
ditioned   by   pressure.      Without    doubt    the    cryohydrates 
would  vary  in  composition  if  they  were  formed  at  enonnous 
pressures  ;    for    the    variation   effected   by   pressure    in   the 
freezing-point  of  water  is  not  likely  to  be  precisely  the  same 
as  the  variation  in  the  solidifying  of  a  salt  out  of  a  solution. 
Trifling  as  these  differences  would  assuredly  be   under   all 
conditions   of  variation   of  artificial  pressure,  the  thought  is 
not  remote  that  we  may  have  to  refer  the  extraordinary  va- 
riation in  quantity  of  the  elements   of  some  perfectly  well 
crystallized  and  constantly  composed  minerals  from  what  is 
sometimes  called  the  atomic  ratio  to  the  enormous  pressure 
attending  their  genesis.     The  fact  that  such  composition  may 
be    represented  on  paper  by  the    complex   manipulation   of 
ratios   known  amongst  laboratory  products,  can  only  be  ad- 
mitted into  the  argument  when  their  formation  can  be  showai 
in  the  laboratory  by  means  such  as  may  be  fairly  supposed 
to  exist  in  nature.     In  a  word,  under  vast  changes  of  tem- 
perature and  pressure,  the  gravimetric  saturating  quantities, 
or  "  atomic  weights,"  of  elementary  substances    may   vary. 
And   it  is  perhaps   noteworthy  that  this  conception,  which 
has  urged-  itself  upon  us  with  rare  force  in  the  consideration 
of  the  relations  by  weight  of  bodies  in  union  at  extremely 
low  temperatures,  is  the  same  as  that  w^hich  has  been  brought 
forward  by  some  of  those  who  have  examined  the  relation  of 
the   elements  when   subjected   to  the  high  temperature  and 
abnormal  pressure  of  the  sun's  mass,  which  has,  as  a  doc- 
trine  of  continuity,  commended  itself  to  some   of  the  most 
philosophic  chemists,  and  which  is  certainly  in  harmony  wdth 
the  concei)tion  of  dynamic  energy,  whether  of  mass  or  mere 
velocity. 

Our  chemistry,  as  it  is  generally  understood,  is  the  chemistry 
of  one  atmosphere  pressure. 

Sepaixition  of  Ice  from  Solutions  of  Mixtures  of  Salts 

§  143.  In  III.  §§  109-122,  I  proved  that  on  cooling  a 
saturated  solution  of  two  salts,  the  temperature  of  the  cryo- 
hydrate,  when  reached  after  separation  of  various  quantities 
of  the  constituents,  was  never  sensibly  lower  than  that  of  the 
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constituent  which  had  the  lowest  of  the  two  cryohydrato 
temperatures.  In  these  experiments  I  was  careful  to  use 
the  salts  in  such  proportion  that  recombination  in  intefijral 
quantity  was  possible.  In  the  series  of  experiments  now  to 
bo  described,  where  ice  has  to  bo  separated  from  a  mixture 
while  the  salts  themselves  remain  in  solution,  we  may,  in 
those  cases  at  all  events  where  no  double  decomposition  is 
possible,  take  equal  weights  of  the  salts,  so  as  to  compare 
the  results  with  those  of  fig.  1  ;  and  for  this  study  I  will 
here  confine  myself  principally  to  the  two  nitrates  AgNOa 
and  NH4NO3,  because  nitrates  are  especially  free  from  ten- 
dency to  form  double  salts,  and  because  the  tracings  of  the 
ice-separating  temperatures  of  the  individual  salts  are  of 
widely  different  range  and  character. 

§  144.  Separation  of  Ice  from  mixed  Solutions  of  the  Nitrates 
of  Silver  and  Ammonium. — The  following  are  all  20  per  cent, 
solid. 

Sol.  1.  AgNOs    .     .       20grms.  ,  o 

NH4ISO3.     .       10     „      )- gave  ice  at  -4-3. 

H2O    ...     120 
Sol.  2.  AgNOs    .     .       20 

NH.NOs.     .       20     „     )-     „        „    -5-0. 

H2O    .     .     .     160 
Sol.  3.  AgNOs    .     .       20 

NH^NOg.     .       30     „     }     „        „     -5-5. 

H2O    ...     200 
Sol.  4.  AgNOa    .     .       10 

NH^NOa.     .       20     „     V     „        „     -5-8. 

H2O    ...     120 
The  following  are  all  30  per  cent,  solid  : — 

Sol.  5.  AgNOa    .  .  30grms, 

NH^NOa.  •       15     „     Vgave  ice  at -6-8. 

H2O    .     .  .  105 

Sol.  <5.  AgNOa    .  .       30 

NH^NOa.  .       30     „     )-     „        „     -8-0. 

H2O    .     .  .  140 

Sol.  7.  AgNOa    .  .       20 

NH.NOa.  .       30     „     )-     „        „     -8-9. 

H2O    .     .  .  116-6 

Sol.  8.  AgNOa    .  .       20 

NH,NOa.  .       40     „      J-     „         „     -9-1. 

H2O    .     .  .  140 

On  comparing  these  results   with  those  given  in   fig.   1 
(showing  the  ice-tracings  for  the  separate  salts,  which  are  also 
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20  and  30  per  cent,  solid),  the  foUoM'ing  results  are  obtained 
in  recjard  to  the  comparative  influences  of  nitrate  of  silver  and 
nitrate  of  ammonium  in  retaining  ice  in  solution. 

Table  XXVII. 


Solution. 

Calculated. 

Found. 

ri.Ag^03  =  2NH,N03 
2               \ 

20  per  cent.  <  o"       "          o        " 

fs.       „      =2 

30  per  cent.  -  j'       "      ^  I 

1 8.'  ;:  =1   :: 

-41  C. 

-4-8 

-5-3 

-5-5 

-6-9 

-8-1 

-8-8 

-9-2 

o 
-4-3  C. 
-50 
-5-5 

-5-8 
-6-8 
-8-0 
-8-9 
-91 

The  calculated  numbers  are  got  under  the  hypothesis  that 
the  influences  of  the  constituents  of  the  mixture  are  propor- 
tional to  their  masses.  That  is,  if  there  be  n  grms.  of  A 
and  in  grms.  of  B,  each  being  a  p  per  cent,  solution,  and  if 
A  alone  gives  out  ice  at  ti  and  B  at  t2,  then  (t  being  the  tem- 
perature at  which  the  mixture  gives  up  ice) 


^  =  /i  + 


(f2-ti); 


n  +  m 

and  the  numbers  found  do  not  differ  from  those  calculated 
more  than  may  be  attributed  to  errors  of  observation. 

§  145.  Separation  of  Ice  from  the  mixed  Sulphate  arid  Nitrate 
of  Ammonimn. — Of  the  10-per-cent.  solution  of  the  sulphate  of 
ammonium  20  grms.  were  taken ;  of  the  10-per-cent.  solution 
of  the  nitrate  of  ammonium  10  gnns.  were  taken.  The  mix- 
ture of  these  gave  up  ice  at  — 3°"2,  which  is  exactly  the  tem- 
perature calculated  from  the  above  equation,  the  glaciating 
points  of  the  two  solutions  being  — 2°'6  and  —  3°'5  respectively. 
We  may  assume  therefore,  generally,  that  the  temperature  of 
glaciation  of  a  mixture  of  two  salt  solutions  of  the  same  per- 
centage strength  is  a  mean  between  the  glaciation-tempera- 
tures  of  its  constituents,  when  new  salts  are  not  formed.  Tliis 
chapter,  however,  will  require  a  great  amount  of  further  work, 
especially  for  those  cases  where  the  constitiient  solutions  of 
the  mixture  are  not  of  the  same  strength. 

§  146.  Further  examination  of  Iodide  of  Sodium. — In  con- 
clusion I  am  very  glad  to  be  able  to  throw  a  clear  light  on 
the  anomalous  and  exceptional  behaviour  of  the  iodide  of 
sodium.  From  §§  65,  68,  69,  it  appears  that  while  as  a 
cryogen  this  salt  gives  the  temperature  —  26°'5,  it  solidifies 
as  a  cryohydrate  at  —15°.     K  large  quantity  of  the  iodide, 
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purified  by  several  recr}>;tallizations,  was  dissolved  to  satura- 
tion at  12°  C,  and  very  gradually  cooled  to  0°.  The  crystals 
given  up  in  this  range  proved  to  be  anhydrous  iodide.  On 
further  cooling  to  —12°,  a  second  crop  of  crystals  was  formed, 
which  also  proved  anhydrous.  Between  —12°  and  —20°  but 
little  further  .solidification  occurred.  Whcui  —23°  was  reached 
rapid  solidification  began,  and  tlu^  temperature  rose  to  —15°. 
In  another  similar  case  the  temperature  sank  to  —24°  before 
solidification  beo-an.  The  whole  becomes  of  a  dough-like 
[)astiness.  The  crystals  are  long,  silky  needles  ;  they  remain 
transparent.  On  further  cooling  in  a  chloride-of-calcium 
cryogen  to  —  26°,  the  silvery  opacity  due  to  a  true  cryo- 
hydrate  is  produced,  and  the  whole  becomes  of  a  stony  hard- 
ness. It  is  clear,  therefore,  that  with  the  iodide  as  with  the 
chloride  of  sodium  there  are  two  cryohydrates : — the  subcryo- 
hydrate,  having  a  melting-  and  solidifying-point  at  — 15° ;  and 
another,  which  in  combination  with  the  first  has  a  melting- 
and  solidifying-point  at  —  2()°*5.  We  have  therefore  to  look 
for  the  true  (that  is,  lowest-temperatured)  cryohydrate  in 
solutions  weaker  than  that  analyzed  in  §  65,  which  had  59*45 
per  cent.  With  the  chloride  of  sodium  there  is  no  difficulty 
in  separating  the  subcryohydrate ;  the  latter  body  falls  as 
iridescent  scales,  and  leaves  the  residual  liquid  clear.  With 
the  iodide  of  sodium  no  such  mechanical  separation  ensues, 
and  no  artificial  separation  demanding  the  maintenance  of  so 
low  a  temperature  would  be  trustworthy. 

To  get  at  the  composition  of  the  true  cryohydrate  it  must 
be  a})proached  from  the  other  side — not  from  saturated,  but 
from  dilute  solutions  (see  §  123).  I  have  accordingly  exa- 
mined in  succession  the  temperatures  at  which  ice  or  other 
body  separates  from  j^erccji^a^/e  solutions  of  Nal. 

Table  XXVIII. 


K^al  per  cent., 
by  weight. 

H.,  0  per  cent., 
by  weight. 

Temperature  C. 
at  which  solidifi- 
cation begins. 

Nature  of  solid 
separated. 

5 

95 

-  0-7 

Ice. 

10 

90 

-  21 

f> 

15 

85 

-  3-9 

it 

20 

80 

-  60 

25 

75 

-  8-5 

,, 

30 

70 

-n-8 

,1 

35 

65 

-15  2 

jj 

40 

f)0 

-20-5 

^1 

45 

55 

-260 

,j 

49-2 

50-8 

-300 

Cryohydrate. 

50 
55 

50 
45 

-29-5        \ 

-20-0     ; 

Subcryohydrate. 

CO 

40 

-147 

it 

01  6 

38-4 

00 

Nal. 

63-6 

36-4 

+  13 

" 
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With  regard  to  tlie  first  eight  determinations  there  is  no- 
thing particular  to  remark.  For  the  40-per-cent.  sokition  a 
CaClo  cryogen  had  to  be  used.  Finding  that  ice  separated 
from  the  45  sokition,  and  the  subcryohydi'ate  from  the  50 
sohition,  I  concluded  that  the  composition  of  the  true  cryo- 
hydrate  must  lie  between  these  values.  I  accordingly  sub- 
mitted sevei'al  ounces  of  the  45,  and  also  of  the  50  solution  to 
a  carbonic-acid  cryogen.  From  the  first  ice  separated ;  from 
the  second  the  subcryohydrate.  The  temperature  sank  in 
both  cases  to  —30°,  and  there  remained  constant,  while  from 
both  crop  after  crop  of  the  pearly-white  true  cryohydrate  was 
fomied.  After  about  three  quarters  of  each  had  been  thus 
removed,  the  temperature  still  remaining  at  —  30°,  the  residual 
liquids  were  analyzed  by  evaporation  and  strong  heating. 

Of  45  solution  10-9945  gave  5-3982  Nal  or '49-1  per  cent. 
Of  60       „       14-6176     „     7-1932     „     ,,49-2         „ 

Accordino;ly  the  true  cryohydrate  is  reached  from  either 
side.  The  water  worth  of  this  salt  is  8-603.  It  would  only 
be  possible  to  deduce  the  composition  of  the  subcryohydrate 
if  we  knew  the  relative  quantities  of  the  two  present,  as  well 
as  the  composition  of  their  compounds.  The  reason  why  the 
dry  iodide  does  not  give  the  temperature  of  — 30°  when  used 
as  a  cryogen  is  no  doubt  because,  like  chloride  of  calcium,  it 
evolves  a  large  amount  of  heat  in  coming  into  contact  with 
water.  But  in  spite  of  this  deficit,  the  temperature  of  the 
cryogen  is  governed,  as  we  have  seen  it  to  be  before,  by  that 
of  its  coldest  constituent.  The  speculation  concerning  iodide 
of  sodium  in  §  69*  is  fully  justified. 

For  the  solubility  at  0°,  a  solution  saturated  at  8°  \s'as  kept 
for  three  hours  at  0°  C.  Of  this,  10-7932  grms.  contained 
6-6486  grms.  of  this  salt:  this  gives  61-6  per  cent.;  Kremers 
found  61-3. 

§  147.  No  salt  can  well  be  more  favourable  than  the  iodide 
of  sodium  for  the  study  of  double  supersatui-ation.  The  values 
of  the  solution  between  49-2  and  61-6  show  this  phenomenon 
in  a  remarkable  manner.  Thus  a  solution  of  60  per  cent, 
may  be  kept  for  hours  at  —20°.  It  may  be  stirred,  shaken, 
particles  of  dust  and  particles  of  Kal  may  be  thrown  in,  a 
glass  rod  covered  with  a  film  of  hoar-frost  inserted,  it  remains 
quite  limpid.  Cooled  a  few  degrees  lower,  it  becomes  sud- 
denly semisolid,  and  rises  to  —15°  or  —14°  in  temperature. 
At  values  approaching  the  cryohydrate,  but  rather  less  strong, 
it  may  happen,  as  the  excess  of  water  is  removed  by  cold, 
that  instead  of  the  cryohydrate  being  formed  A\hen  the  right 

*  lu  this  paragraph  read  "  cryohydrate  of  iodide  of  sodium  "  instead 
of  "  cryohydmte  of  sodium." 
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strength  is  veacliccl,  the  subcryoliydratc  is  produced  continu- 
ously with  the  further  separation  of  ice.  The  one  set  of 
crystals  floats,  the  other  sinks.  This  occasional  state  of  things 
is  the  most  perfect  counterpart  of  the  simultaneous  separation 
of  water  as  vapour  and  the  salt  when  a  saturated  solution 
boils,  considered  in  §  140.  A  drop  or  two  of  the  same  solu- 
tion, suddenly  cooled  to  opaque  solidification,  determines  th(^ 
formation  of  the  true  cryohydrate. 

1  beg  the  reader  to  note  the  following  corrections  of,  and 
additions  to,  Table  X.  §  88.  In  the  case  of  correction,  the 
corrected  number  is  marked  with  *,  the  previously  given 
nmnber  being  placed  in  brackets. 


Formula  of  salt. 


Add CaCl.,+3n^0 

Correct...  Kal  " 
Correct...  KH^Cl 

Add AgNOj 

Correct...  K.\0., 


n\  .  Temperature 

oTcr^ren  '   ^^  soliclifiaition 


-33 
-26-0 
-16 
-  6-5 
-  3 


-37 

-3U*(-15) 
-!(>*( -15) 

-  Go 

-  3*  (-2-6) 


Water- 

Per  cent. 

worth. 

of  salt. 

11-8 

36-45 

S-6 

49-2 

12  4 

19-27 

10-09 

48-38 

44-6 

1120 

LIII.  Points  in  a  Programme  of  Physics.  By  Don  ENEtQTJE 
Sekraxo  y  Fatigati,  Professor  in  the  Instltuto  Nacional, 
Ciudad  Real.  Abstracted  and  communicated  by  Edmukd  J. 
Mills,  D.Sc,  F.B.S.* 

Introduction. 

THE  recent  history  of  science  is  one  of  accumulations, 
bedimmed  by  detail.  As  we  survey  it,  avo  observe  a 
twofold  confusion — that  arising  from  the  admixture  of  innu- 
merable single  items,  and  that  which  is  due  to  the  interference 
of  imagination.  Thus  even  its  facts  have  become  tinctured 
Avith  a  kind  of  unreality.  And,  while  unquestionably  admit- 
ting that  without  observations  and  quantitative  measurements 
we  cannot  acquire  an  adequate  knowledge  of  phenomena,  it 
must  equally  be  allowed  that  without  philosophical  investigation 
we  must  constantly  wander  in  an  inextricable  labyrinth  of 
facts.  But  a  part  of  the  confusion  is  traceable  to  our  taking 
into  account  the  Being,  Form,  Essence,  Causality,  &c.  of 
things  ;  and  these  cannot  possibly  be  reduced  to  experiment. 

*  From  the  Hensta  de  la  Universidad  de  Madrid j  (2)  v.  61 .  A  further 
developmeut  of  the  author's  views,  of  more  especial  interest  to  the  mathe- 
matical readf r,  is  given  in  U^iu  Lecciun  de  Fisicci  general  (Madrid :  Aribau, 
1870,  pp.  45). — I  wifh  to  record  my  indebtedness  to  Mr.  C.  Tomlinson, 
F.H.S.,  \\  ho  very  kindly  wrote  me  a  translation  of  the  whole  of  the  diffi- 
cult memoir  here  represented  in  abstract. — E.  J.  M. 
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Consider,  for  example,  the  case  of  physics.  Can  we  un- 
equivocally say  that  it  clearly  knows  its  own  object  ?  Does  it 
hold  within  exact  and  rigorous  limits  its  own  definition  (which 
occurs  in  every  treatise)  as  "  the  science  which  studies  the 
phenomena  of  bodies  whose  intimate  composition  remains  un- 
changed "  ?  The  relations  of  composition  to  other  ])roperties 
are,  indeed,  but  imperfectly  known  ;  and  even  the  light  of  the 
undulatory  theory  becomes  fainter  when  we  arrive  at  the  focus 
of  the  phenomena  to  be  interpreted.  What,  again,  of  the 
£ether — that  subtle  substance  which,  in  an  immense  vacuum, 
transmits  unaltered  from  point  to  point  the  disturbances  of  its 
infinite  material  ?  In  a  small  group  of  memoirs,  such  as 
those  of  Plucker  on  Diamagnetism  (further  developed  by 
Edlund),  the  laws  regulating  the  equilibrium  of  fluids  have 
indeed  been  somewhat  applied  to  it ;  but  our  conception  of  its 
nature  remains  most  incomplete.  Yet  undulations  are  real, 
and  the  interferences  of  undulations  are  real.  They  constitute 
the  ascertained  basis  of  the  mechanical  theory  of  heat — a 
theory  so  well  founded  and  fruitful,  that  it  ought  to  induce  us 
to  verify  our  beliefs  in  other  scientific  departments. 

The  common  practice  of  formally  representing  to  our  imagi- 
nation as  atoms  the  individual  elements  of  bodies,  without 
inquiring  whether  the  proceeding  is  false  or  sound,  has  led  to  a 
vague  conception  of  mathematical  points,  or  centres  of  force, 
whose  activity  is  only  virtual.  This  has  involved  a  clear  loss 
of  predictive  power.  Such  a  conception,  also,  pulverizes 
natural  unity  in  order  to  reconstitute  it  afterwards.  Nor  does 
it  reconstitute  a  harmonious  unity,  such  as  an  extraneous  and 
dissevered  net,  with  knots  corresponding  to  each  material 
atom.  That  the  atomic  doctrine  gives  a  very  obscure  presen- 
tation of  subjects  of  the  greatest  importance,  will  not  be  denied 
by  its  most  passionate  defenders  ;  that  it  delivers  no  rational 
or  exact  account  of  actions  at  a  distance,  is  also  quite  evident ; 
that  the  laws  of  definite  and  multiple  proportions,  in  which  the 
doctrine  has  in  a  manner  cemented  itself,  may  be  interpreted 
otherwise,  is  an  affirmation  of  which  any  one  may  most  easily 
convince  himself.  Now,  from  the  darkness  which  surrounds 
the  problem  of  the  constitution  of  matter,  we  can  only  emerge 
by  having  recourse  to  first  principles.  And  since  in  the  im- 
penetrable and  extensible  atom  we  seem  to  be  almost  the 
victims  of  a  fresh  phlogiston,  and  both  nomenclature  and  hy- 
pothesis have  become  infiltrated  Avith  atomism,  the  dismissal 
of  the  atomic  theory  must  imperatively  be  demanded.  Doubt- 
less the  more  it  advances,  the  more  it  is  beset  with  innumerable 
difficulties  ;  and  at  each  stage  of  the  process  who  does  not 
ask  for  something  better  than  those  micro-microscopic  stellar 
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systems  which,  in  the  bulk  of  a  cubic  millimetre,  arc  mimics 
of  a  million  nobulai  ? 

But  it  was  impossible  that  the  state  of  these  sciences  should 
be  otherwise.  Every  student  of  i)liysics  or  chemistry  is  con- 
tinually encounterino-  such  terms  as  force,  matter,  movement, 
and  the  like — terms  which  are  ill-defined  and  are  the  bases  of 
alleged  important  theories,  terms  in  a  series  of  which  no  one 
knows  which  is  the  ultimate  operator.  Other  sciences  have 
been  subjects  of  a  similar  caprice,  and  render  more  vivid  the 
confusion.  In  unity  of  plan,  and  in  appropriating  the  great 
results  of  kindred  sciences,  all  have  been  deficient. 

If  science  is  ever  to  ofi'er  an  exact  reflection  of  the  object 
of  which  it  is  the  image,  it  will  do  so  by  a])preciating  the  clear 
and  definite  proof  that  it  is  dealing  with  an  essential  and  in- 
divisible unity,  not  a  unity  produced  by  the  mere  heaping- 
up  of  details. 

The  study  of  physics  requires  five  necessary  considerations. 
These  are : — the  conception  of  physics ;  its  plan ;  its  relations 
with  other  branches  of  knowledge  and  with  human  life  ;  its 
som-ces  of  knowledge,  and  mode  of  investigation.  The  unity 
of  such  a  branch  will  appear  well  marked  on  such  a  basis,  and 
in  sympathy  with  the  aspirations  of  all  its  cultivators.  We 
exclude,  on  the  one  hand,  the  unscientific  and  dreamy  meta- 
physics which  Newton  stigmatized  ;  we  admit,  on  the  other, 
the  legitimate  philosophy  which  deals  with  palpable  and 
rational  foundations. 

Idea  of  Physics. 

I.  Energy. — Physics,  if  broadly  considered,  is  identical 
with  nature  ;  but  such  topics  as  physiology,  morphology, 
natural  history,  and  the  like  are  not  generally  included  in  it. 
In  nature  we  observe  a  multitude  of  objects  and  forces  : — man, 
the  stars,  animals,  plants ;  heat,  light,  electricity,  chemistry, 
gravitation  ;  and  a  creative  force,  modified  by  all  the  other 
forces.  Between  all  these,  relations  exist  which  cannot  be 
manifested  in  one  set  apai-t  from  the  others ;  there  is  a  harmony, 
demonstrative  of  order,  even  among  radical  difiereuces.  Man 
himself  is  not  simple  but  twofold,  containing  the  infinitely 
developable  elements  of  mind  and  body.  Nature  is  a  total, 
complete,  and  necessary  existence  :  its  union  Avith  mind  forms 
the  finite  series  of  the  universe,  whose  ultimate  term  is  a  crea- 
tive being.  The  innate  force  of  nature,  her  essence,  form,  and 
mere  existence,  are  but  vague  abstractions.  We  may  think 
such  abstractions — think  them  as  indej)endent  of  the  series  in 
which  they  occur  (mind  apart  from  body,  for  instance) ;  but 
they  have  no  place  in  the  realm  of  integers  and  facts. 
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Natural  existence,  being  subordinate  to  absolute  unity,  pre- 
sents two  distinct  modifications  :  one  is  existence  out  of  time, 
and  so  tar  eternal  ;  the  other,  the  temporal  and  transitory. 
The  union  of  these  two  constitutes  life,  Avhich  is  the  manifes- 
tatioii  of  the  infinite  in  time.  Nature  in  her  pure  unity  is 
indeterminate,  simply  indicating  potentiality.  But  she  un- 
dergoes a  7ii.ms  after  development,  and  then  presents  us  with 
infinitely  varied  modes.  These  three  logical  moments  are  realized 
at  one  and  the  same  time,  nature  being  simultaneously  and 
eternally  one,  varied,  and  entire  ;  the  process  of  this  evolution 
is  the  process  of  life.  The  realization  of  such  a  process  re- 
quires an  essential  unity — an  infinite  variety  of  states,  and  an 
intimate  dependence  and  relation  between  the  units  and  their 
sum.  Thus,  while  each  individual  has  a  separate  existence, 
the  whole  is  not  made  up  by  mere  juxtaposition  of  parts.  This 
idea  of  tri-momental  evolution  agrees  with  actual  observation  ; 
v,e  shall  find  it  in  the  birth,  process,  and  extinction  of  any 
genus,  species,  or  individual,  whether  we  refer  to  ordinary 
livino-  beings  or  the  more  distant  substance  of  the  stars.  In 
the  midst  of  all  these  changes,  whether  of  person  or  of  system, 
each  man  recognizes  his  own  permanent  and  continuous  unity, 
and  thence  observes  the  systemic  unity. 

Each  individual — whether  star,  plant,  animal,  or  man — is 
modelled  on  the  infinite  variety  of  nature,  as  well  as  on  her 
unity.  Whithersoever  we  look — ^be  it  to  the  sun  for  heat  and 
light,  or  to  any  of  the  celestial  bodies  for  what  we  term  gra- 
vitation— we  meet  with  forces  derived  from  individual  functions 
of  various  kinds.  Ascending  higher,  we  see  clearly  that  such 
forces  are  not  distinct,  and  independent  of  the  one  activity 
of  nature,  that  their  ordinary  laws  are  but  laws  of  mode  with 
which  she  invests  herself,  and  that  heat,  light,  gravitation, 
and  the  like  are  general  determinations  in  which  she  manifests 
herself.  But  the  sum  total  of  energy  in  nature  remains  one 
and  the  same. 

The  evolution  of  life  and  the  evolution  of  natural  forces  are 
thus  strictly  analogous.  Whichever  be  the  field  surveyed, 
we  always  come  at  last  to  the  activity  of  nature,  in  infinitely 
seriated  motion.  The  branch  of  human  knowledge  which 
studies  that  activity  is  the  science  of  energy. 

Energy  thus  refers  to  natm-al  activity,  whether  potential  or 
real.  Among  the  problems  connected  with  it  may  be  men- 
tioned, Whether  the  total  activity  existing  in  any  one  system 
of  bodies,  or  in  all  nature,  remains  constant ;  Under  what 
conditions  it  may  occur — as  in  gravitation,  heat,  fight,  etc.  ; 
What  are  the  metamorphoses  due  to  such  and  such  conditions 
of  the  organic  process  ;  and,  a  posteriori,   How  to  establish 
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and  doterniinc  tlio  logical  value  of  the  abstract  unity  sought 
by  physicists. 

'  But  physics,  as  at  present  studied,  has  reference  solely  to 
the  general  forces  or  agencies  of  nature.  We  must  add  to 
this  a  higher  and  more  philosoidiical  regard.  The  science  ot 
energy  treats  of  an  activity  Avhich  is  in  itself  innnutable,  and 
in  the  unity  of  its  object  belongs  to  nothing  that  is  partial  or 
transitory. 

II.   The  Idea  of  Energy  as  compared  with  the  actual  state  oj 
Physics. — The  idea  of  energy  agrees  with  our  idea  of  physics, 
including  the  fundamental  parts  of  chemistry  and  mechanics. 
Not  unfrequently  in  the  recent  history  of  physics  have  we  seen 
that  science  ascertainino-  the  relations  between  individual  facts 
or  forces,  and,  these  transcending,  rise  to  their  approxnnate 
source.     Mechanics  and  chemistry  have  sometimes  manifested 
strict  relations,  despite  their  independence   and  ditierence  of 
method  and  object.      The  former  being  the  general  doctrine 
of  motion,  and  the  modelling  under  which  energy  displays 
itself,  has  to  determine  step  by  step  the  different  positions  of 
activity  ;  hence  its  customary  separation   from  the  latter  is 
scarcely  real  or  effective.     Chemistry  certainly  shows  a  very 
different  aspect  from  that  of  physics,  as  a  history  differs  from 
a  philosophy  ;  yet  when  we  enter  the  field  of  chemical  affi- 
nity, we  must  admit  that  to  be  part  of  the  domain  of  energy. 
The  revolution  which  has  taken  place  in   modern  physics 
has  been  distinctly  in  favour  of  unification,  and  would  never 
have  been  accepted  v^'ithout  a  tacit  fiiith  in  the  new  ruler.    The 
researches  of  Fleming  on  the  contact  theory  of  electricity,  and 
of  Becquerel  on  electro-capillary  phenomena,  which  at  first 
seemed  to   controvert  the   splendid  labours  of  Faraday,  have 
since  been  harmonized  therewith  ;  but,  in  the  verifying  pro- 
cess, we  have  been  compelled  to  take  into  account  the  bearing 
of   thermodynamics  and  mechanics   on  the  various  results. 
Crookes  has    brought   into  prominence,  in    connexion  with 
another  order  of  forces,  the  intimate  connexion  between  gra- 
vitation, light,  and  heat.    Volta  has  shown  the  relation  of  heat 
to  the  electromotive  forces  of  differing  couples.      Holzmann 
has  determined  the  dielectric  constants  of  insulators.     Merget 
has  succeeded  in  reproducing  Avith  powders  and  pulverulent 
bodies  the  phenomena  of  thermo-diffusion  exhibited  by  vege- 
table organisms.     Edlund's  theory  of  electricity  has  thrown  a 
most  vivid  light  on  all  that  was   obscure  in  that  branch  of 
knowledge.      Thermodynamics  has  lent  aid  to  a  vast  number 
of  questions  not  pertaining  simply  to  heat. 

^Vhat  })hysics  represents  at  the  present  time,  may  be  best 
observed  by  ascertaining  some  of  its  precedents,  and  following 
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them  down  io  our  own  time.  Thus,  Huyghens  inaugurated 
the  modern  theory  of  light  "svith  his  fruitful  theory  of  waves, 
whereb}-  we  can  foretell  in  an  admirahle  manner  the  mecha- 
nism of  propagation.  Foretell,  it  nmst  be  said,  rather  than 
demonstrate ;  for  the  undulatory  theory  is  tinged  with  abstrac- 
tion, involves  more  of  geometry  than  of  physics  ;  and  we  at 
present  limit  our  attention  too  much  to  the  individual  Avave, 
which  is  destitute  of  that  interpenetration  and  mutual  influ- 
ence which  reality  requires.  The  periodicity  observed  by  l^ew- 
ton  in  coloured  rings,  and  his  analysis  of  light  by  dispersion, 
at  first  seemed  contrary  to  Huyghens's  theory,  but  have  since 
proved  to  be  its  harmonious  support.  Behind  the  gigantic 
figure  of  Newton  we  observe  Euler  and  Young,  each  of  whom 
fixed  his  mark  on  the  embryonic  evolution  of  modern  thought. 
The  former  established  analogies  between  colour  and  sound, 
and  showed  that  both  depend  on  undulatory  periods  ;  the 
latter  established  experimentally  the  existence  of  interferences. 
Fresnel  made  yet  further  progress  by  tracing  the  modifications 
>vhich  light  undergoes  in  its  transit  through  crystals,  thus 
assisting  us  to  form  some  conception  of  the  intimate  structure 
of  bodies. 

In  consequence  of  these  investigations,  and  the  results  by 
which  they  have  been  followed,  we  now  have  recourse  to  energy 
without  troubling  ourselves  theoretically  as  to  its  particular 
form  ;  we  can  measure  each  resiilt  in  accordance  with  the 
principle  of  unification.  Such  a  possession  is  all  the  more 
noble  when  we  bear  in  mind  the  colossal  nature  of  the  forces 
to  be  dealt  with. 

We  seek,  and  we  find,  relations  between  all  the  forces  now- 
known  to  us,  and  we  discover  that  they  all  spring  from,  and 
are  contained  in,  one  natural  energy.  Can  the  conditions  and 
the  time  be  more  fiivourable  for  advancing  a  step  further  in 
this  path,  and  tracing  in  all  its  fulness  the  solid  unity  of  the 
constitution  of  physics  ?  No  other  science  is  so  well  prepared 
for  this  reform  ;  at  least,  no  other  indicates  it. 

We  see,  lastly,  in  this  movement  that  which,  in  my  poor 
judgment,  raises  it  to  a  much  higher  and  more  splendid  posi- 
tion. We  see  in  it  forces  sufficiently  energetic  to  be  indepen- 
dent of  hypotheses  ;  we  hear  of  researches  in  which,  at  each 
step,  the  word  atom  needs  no  longer  be  pronounced.  To  sum 
up  briefly,  we  may  affirm  that  the  conception  of  energy  here 
adduced  "is  in  perfect  harmony  wdth  modern  physics  ;  but 
chemistry  and  mechanics  have  to  be  submitted  to  its  sway. 
The  actual  condition  of  the  science  of  energy  is  a  supreme  and 
instincti-se  aspiration  after  unity — not  an  abstract  and  vague 
unity,  but  one  based  on  determinations  and  details.     Hoav  we 
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should  retrace  our  stops  from  this  practical  and  partly  realized 
ideal,  and  revert  to  those  lesser  paths  in  which  the  science  of 
physics  should  be  developed,  must  be  discussed  in  a  future 
communication. 

LIV.  On  the  Induction  Spark  produced  in  hreakbig  a  Gcdvanic 
Circuit  between  the  Poles  of  a  Magnet.  Bij  B.  0.  Peikce, 
Jan.* 

BECQUEREL,  in  the  Journal  de  Ph>/si>pte,  vol.  iv.  p.  206, 
states  that  the  spark  obtained  by  breaking  the  current 
which  circulates  through  au  electromagnet,  between  its  poles, 
is  entirely  a  mechanical  effect. 

To  test  the  accuracy  of  M.  Becquerel's  result,  I  placed  in 
the  same  circuit  four  Grove  cells,  an  electromagnet  of  the  form 
used  in  experiments  upon  diamagnetism,  and  a  coil  of  coarse 
wire  wound  round  a  bundle  of  iron  wires  on  a  core.  Over 
this  coil  was  slipped  an  induction-coil  of  GOOD  ohms  resistance. 

I  first  experimented  upon  the  spark  given  by  the  induction- 
coil  when  the  primary  circuit  Avas  broken  between  the  poles  of 
the  electromagnet,  and  then  outside  of  them. 

The  number  of  cells  in  the  circuit  was  varied,  and  its  resist- 
ance was  several  times  changed,  in  order  to  vary  the  circum- 
stances as  much  as  possible ;  and  at  each  change  a  series  of 
observations  were  taken  to  see  whether  the  spark  from  the  in- 
duction-coil had  any  greater  power  of  overcoming  resistance 
when  the  primary  circuit  was  broken  between  the  poles  of  the 
magnet. 

A  long  series  of  observations  on  sparks,  which  were  of  all 
lengths  from  2^  to  15  millims.,  justifies  the  statement  that 
the  distance  over  which  the  spark  of  the  induction-coil  would 
regularly  leap  was  more  than  doubled  when  the  circuit  was 
broken  between  the  poles.  The  absolute  length  of  spark  ob- 
tiiined  depended,  of  course,  on'  the  electromotive  force  in  the 
primary  circuit  being  apparently,  within  certain  limits,  directly 
proportional  to  it.  In  almost  all  cases  the  length  of  spark  was 
increased  to  three  or  four  times  ;  and  in  no  one  set  of  observa- 
tions was  the  spark  less  than  doubled  in  length.  These  experi- 
ments were  repeated  several  times  on  different  days. 

I  found  great  difficulty  in  breaking  the  primary  circuit  uni- 
formly ;  and  it  was  only  after  a  long  time  that  my  results 
became  regular. 

I  tried  breaking  from  the  surface  of  mercury  ;  but  although 
the  same  relative  effects  were  attained,  the  actual  effect  was  far 

*  Communicated  by  the  Authoi",  having  been  read  at  the  American 
Academy  of  Arts  and  Sciences,  February  9,  1870. 
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inferior  to  tliat  obtained  when  two  bright  co[)per  wires  were 
sejxirated  in  the  air. 

Rowland  has  sliown  that  a  very  powerful  electromas^net  is 
not  needed  in  order  to  obtain  good  results  in  studying  diamag- 
netism.  In  order  to  see  whether  a  small  magnet  would  not  do 
to  increase  the  length  of  the  spark,  a  small  electromagnet, 
capable  of  supporting  perhaps  two  kilogrammes,  was  set  up, 
and  a  series  of  observations  taken  when  the  circuit  was  broken 
between  its  poles.  In  this  case  the  length  of  the  spark  was 
just  doubled.  Might  not  a  rather  small  horseshoe  electromag- 
net be  advantageously  placed  upon  the  RuhmkorfF  coil  so  that 
the  primary  circuit  should  be  interrupted  between  its  poles  ? 

I  next  put  the  electromagnet  in  one  circuit,  and  broke  an- 
other circuit  containing  the  primary  of  the  induction-coil  be- 
tween the  poles  of  the  magnet.  With  this  arrangement  two 
sets  of  observations  were  taken  under  slightly  different  circum- 
stances. The  results  are  given  below,  in  the  actual  space  over 
which  it  was  found  that  the  sparks  would  just  pass.  The 
words  "  outside  "  and  "  inside  "  denote  that  the  primary  circuit 
was  broken  outside  of  the  poles  and  between  them  respectively. 


Outside. 


Inside. 


2^  millims.  12^  millims. 

3  ,       „  20"       „ 


Of  course  the  relative  increase  in  the  length  of  the  sparks  de- 
pended upon  the  relative  strengths  of  the  two  currents.  When 
the  electromagnet  is  very  weak  and  the  outside  current  very 
strong,  subsequent  experiments  showed  that  there  was  little,  if 
any,  increase  in  the  length  of  the  spark. 

As  a  direct  means  of  showing  that  the  extra  effect  obtained 
by  breaking  between  the  poles  is  not  mechanical,  the  following 
method  was  employed.  The  electromagnet  was  placed  in  a 
circuit  Avith  two  Grove  cells.  To  the  end  of  one  of  the  large 
wires  used  for  breaking  the  circuit  a  veiy  fine  wire  was  fast- 
ened, leading  to  one  pole  of  a  Thomson's  quadrant  electrometer, 
whose  other  pole  was  put  to  earth.  Whenever  the  two  large 
wires  w^ere  separated,  there  was  of  course  a  deflection  of  the 
electrometer-mirror,  corresponding  to  the  difference  of  potential 
of  the  poles  of  the  battery  ;  but  beside  this  there  was  an  in- 
creased effect  when  the  circuit  was  broken  between  the  poles, 
that  seems  to  be  unaccountable  if  we  assume  the  effect  to  be 
mechanical. 

When  a  condenser  of  about  1  farad  capacity  was  put  into 
the  circuit  the  following  deflections  were  obtained  : — 
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Primary  broken 
outside. 

Primai-y  broken 
inside. 

21 
20-5 
22 
20 

27 

28 
28 
27 

Mean  20-1)                          275 

When  no  condenser  was  used  the  deflections  were  us  follows: 


Primary  broken 
outside. 

Primary  broken 
inside. 

20 
19 
20 
20 

22-5 
23-5 
23-5 
24 

19-75 

234 

The  electromotive  force  in  the  circuit  was  very  small,  hardly 
enough  to  render  the  poles  strongly  magnetic.  With  a  proper 
electromotive  force  we  might  expect  the  effects  to  be  more 
striking. 

In  order  to  measure  the  increase  of  quantity  obtained  by 
breaking  the  primary  circuit  between  the  poles  of  the  magnet, 
the  electromagnet  and  the  primary  of  an  induction-coil  were 
placed  in  the  same  circuit  as  at  first.  The  poles  of  the  induc- 
tion-coil were  connected  (the  one  directly,  the  other  by  means 
of  the  spark  leaping  between  tvro  points)  with  a  condenser  of  ^ 
farad  capacity.  The  poles  of  the  condenser  were  connected 
with  a  Thomson's  galvanometer  of  5880  ohms  resistance. 
Each  of  the  folloAving  results  is  the  mean  of  two  observations. 
The  length  of  spark  was  the  same  in  both  cases. 


Primary  broken 
outside. 

Primary  broken 
inside. 

0  cells. 
4     „ 

17  5 
12 

2105 
17 

The  resistance  of  the  six  cells  (Bunsen)  was  greater  than  the 
resistance  of  the  primary  circuit. 

On  another  day  the  same  arrangement  gave  the  following 
result,  where  each  is  a  mean  of  two  observations  : — 
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Length  of  spark. 

Primary  broken 
outside. 

Primary  broken 

inside. 

30 
23 

1  millim. 
3  millims. 

22 
12 

In  a  great  many  cases,  where  the  magnet  was  quite  powerful, 
it  was  not  easy  to  get  comparable  results.  When  the  primary 
circuit  was  broken  between  the  poles,  the  spot  of  light  was 
driven  ofF  the  scale  ;  but  when  the  primary  was  broken  outside, 
there  was  frequently  veiy  little  deflection. 

At  another  time  a  Thomson's  mirror-galvanometer  of  6  ohms 
resistance  gave,  with  an  arrangement  otherwise  the  same  as 
the  above,  the  following  deflections  as  a  mean  of  twelve  obser- 
vations : — 

Outside  ...  12-9  Inside  ...  15-37 

When  the  electromagnet  was  in  a  separate  circuit  from  the 
primary  of  the  induction-coil,  the  following  observations  were 
obtained  with  the  Thomson's  galvanometer.  Each  result  is  the 
mean  of  about  twenty  observations. 


Length  of  spark. 

Primary  broken 
outside. 

Primary  broken 
inside. 

1  millim. 

2  millims. 

3  „ 

4  „ 

21 
20 
16-5 
15-2 

35-8 
23 
19-9 
17 

All  these  results  were  taken  with  interrupting  the  primary 
circuit  by  separating  two  copper  wires  held  one  in  either  hand. 
Practice  made  the  results  then  obtained  quite  accurate.  I  at 
first  tried  breaking  from  the  surface  of  mercury ;  but,  beside 
the  irregularity  in  the  amount  of  the  deflection,  there  was  a 
most  unaccountable  change  of  polarity  every  few  moments.  I 
distrusted  the  evidence  of  my  own  senses  so  much  in  this  case 
that  I  asked  several  other  people  to  observe  for  me,  without 
previously  telling  them  any  thing  of  this  change  of  polarity. 
In  each  case  the  observer  noticed  the  reversal  for  himself.  The 
deflection  was  almost  always  in  one  direction  when  the  circuit 
was  broken  between  the  poles,  and  in  the  other  direction  when 
the  circuit  was  broken  outside  of  the  poles.  This  rule  is  not, 
however,  absolute.  This  reversal  of  polarity  only  occurred 
when  copper  was  used  to  break  from  the  surface  of  the  mer- 
cury. The  separation  of  iron  from  iron,  or  copper  from  copper, 
or  iron  from  mercury,  never  gave  any  reversal.  The  reversal 
was  best  seen  with  the  electrometer. 
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At  several  different  times  I  took  a  series  of  observations  upon 
the  deflection,  by  breaking  inside  the  poles  and  outside  of 
them,  when  the  distance  over  which  the  spark  had  to  leap  was 
varied.  The  curves  obtained  by  laying  down  these  deflections 
•were  not,  as  one  might  suppose,  hyperbolas,  but  were  appa- 
rently exponential  curves,  having  the  axis  of  ,t  as  an  asymptote, 
but  not  the  axis  of  //.  A  series  of  very  careful  observations 
was  taken  by  observing  the  deflections  when  the  distiuices  over 
which  the  spark  passed  were  small.  The  curves  obtained  by 
breaking  the  primary  between  the  poles  were  similar  to  those 
obtained  when  the  primary  was  broken  outside.  The  observa- 
tions were  taken  by.  breaking  the  primary  with  the  interrupter 
of  one  of  Ritchie's  induction-coils.  The  sparks  passed  between 
two  circular  disks  of  copper  10  centims.  in  diameter.  In  the 
centre  of  one  of  the  disks  was  an  almost  imperceptible  protu- 
berance, in  order  to  ensure  the  sparks  always  passing  in  the 
same  place.  One  plate  Avas  fixed  in  a  horizontal  position  ;  the 
other  was  suspended,  by  a  thin  ivory  handle  perpendicular  to 
its  plane,  to  a  glass  rod  placed  in  the  telescope-socket  of  a  ca- 
thetometer.  In  this  way  it  was  found  possible  to  get  the  plates 
sensibly  parallel.  The  poles  of  the  induction-coil  were  con- 
nected with  a  condenser — one  directly,  and  the  other  by  means 
of  the  spark  passing  between  the  two  disks.  The  condenser 
was  then  discharged  through  a  galvanometer.  The  microme- 
ter-screw of  the  cathetometer  reads  easily  to  the  yqoo  ^^  ^  ^^^^" 
limetre ;  and  observations  were  taken  with  its  aid  at  intervals 
of  *050  millim.  The  plates  were  considered  to  be  in  contact 
whenever  making  the  primary  circuit  gave  any  deflection  in  the 
galvanometer.  The  zero  thus  obtained  was  quite  constant, 
w^hereas  it  was  almost  impossible  to  tell  by  the  eye  just  at  what 
point  the  spark  ceased  to  pass  when  the  circuit  was  broken. 
The  poles  of  the  battery  were  kept  apart  when  not  actually  in 
use  ;  and  it  was  supposed  that  the  electromotive  force  remained 
constant  during  the  time  of  observation. 

In  laying  out  a  curve,  it  must  be  remembered  that  there  was 
a  resistance  of  (3000  ohms  already  in  the  circuit.  Each  of  the 
following  results  is  the  mean  of  a  series  of  closely  agreeing  ob- 
servations : — 
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Separation  of 
plates. 

Deflections. 

Sejiaration  of 
plates. 

Deflections. 

millim. 

milim. 

•050 

1S3 

•800 

91 

•100 

176 

•850 

95 

•150 

164 

•900 

Q6 

•200 

145 

•950 

88 

•250 

130 

1000 

93 

•300 

136 

1050 

79 

•350 

123 

1100 

85 

•400 

127 

M50 

84 

•450 

120 

1-200 

70 

•500 

106 

1-250 

75 

•550 

102 

1^500 

63 

•600 

97 

1750 

51 

•G50 

92 

2000 

50 

•700 

88 

2-250 

45 

•750 

90 

2-500 

42 

Wheh  the  sparks  passed  between  the  ends  of  two  copper 
wires  |-  millim.  in  diameter,  carefully  filed  so  as  to  be  parallel, 
the  curves  obtained  were  very  regular,  but  of  the  same  general 
shape.     As  an  example  I  give  the  following  : — 


Distance  over  which 
the  spark  leaped. 

Deflections. 

millim. 

1 

"90 

2 

70 

3 

55 

4 

44 

5 

35-6 

6 

27 

7 

20 

8 

13 

9 

7 

10 

2  5 

11 

1-4 

12 

•8 

Sir  William  Thomson  has  shown,  in  his  paper  "  On  the 
Electromotive  Force  necessary  to  produce  a  Spark,"  that  a 
greater  force  per  unit  of  length  is  needed  for  short  distances 
than  for  long  distances.  He  does  not  state  in  his  paper 
whether  he  experimented  upon  the  Ruhmkorff  coil  or  the 
Holtz  machine.  In  using  the  quadrant  electrometer  in  mea- 
suring the  electromotive  force  of  the  sparks  from  an  induction- 
coil,  it  is,  of  course,  necessary  to  use  a  small  leaping-distance 
for  the  sparks,  to  avoid  the  return  current.     At  times  I  have 
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found  tliat  a  greater  actual  deflection  was  detained  when  the 
leaping-distance  was  as  great  as  ^  niillini.  than  when  it  was 
much  smaller.  May  not  Sir  William  Thomson's  results  be 
partly  accounted  for  by  induction  in  the  same  manner  ? 

Another  method  of  experimenting  upon  the  extra  spark  ob- 
tained by  breaking  the  circuit  between  the  poles  of  an  electro- 
magnet gave  excellent  results.  One  of  tlie  poles  of  the  induc- 
tion-coil was  connected  with  the  outer  coating  of  a  very  small 
Leyden  jar ;  Avhile  the  other  pole  was  connected  with  the  inside 
coating  through  a  small  interval  of  air,  to  avoid  the  return  cur- 
rent. The  inside  coating  of  the  jar  Avas  connected  by  a  very 
fine  wire  to  a  thin  copper  disk  261  millims.  in  diameter.  Op- 
posed to  the  copper  disk,  at  a  perpendicular  distance  of  160 
millims.,  was  the  end  of  a  short  rod  1  millim.  in  diameter. 
Attached  to  the  other  end  of  the  rod  was  a  very  fine  wire  con- 
necting with  one  pole  of  the  quadrant  electrometer.  The  other 
pole  of  the  electrometer  was  connected  with  the  ground.  The 
very  fine  wire  leading  from  the  opposing  section  of  the  rod 
Avas  so  axTanged  that  experiment  showed  no  inductive  effect 
from  the  disk  upon  it.  When  the  primary  circuit  was  broken, 
a  spark  passed,  charging  the  Leyden  jar,  and  consequently  the 
circular  plate.  The  insulated  plate  was  consequently  charged 
to  some  constant  potential  Vq. 

According  to  Maxwell's '  Electricity,'  vol.  i.  §  177,  and  Thom- 
son's '  Papers,'  233,  the  surface-density  at  any  point  on  a  thin 
circular  insulated  plate  is 

where  a^  is  the  radius  of  the  plate,  and  ni  the  distance  of  the 
point  from  the  centre. 

If  the  plate  is  in  the  coordinate  plane  xy^  we  have 

.= J£=^. 

The  potential  at  any  point  {x,  ij,  z)  in  space  due  to  this  dis- 
tribution is  j  I  ,  since  the  plate  is  thin.    The  limits  must 

be  so  chosen  as  to  comprehend  the  whole  surface  of  the  disk  ; 
and,  to  avoid  errors,  the  point  {x,  y,  z)  must  be  opposed  to  the 
disk. 

r''  =  {.v-x,f  +  {y-y,f  +  z\ 

V        —11'".^         dxdy_ 


T  ^a^-x\-y\ 

At  any  fixed  point  (j-i,  yi,  -ei),  therefore,  the  potential  is  pro- 

2  12 


468 


Inchict ion-Spark  between  Magnetic  Poles. 


portional  to  Vq.  It  was  supposed  necessary  that  the  potential 
of  the  quadrants  attached  to  the  short  rod,  Avhich  was  at  a 
great  distance  from  the  electrometer,  should  be  proportional  to 
Yq.  The  opposite  quadrants  were  at  potential  zero,  being  con- 
nected with  the  earth ;  and  since  when  the  deflections  are 
small  they  are  proportional  to  the  difference  of  potential  of  the 
two  poles  of  the  instrument,  it  was  supposed  that  the  deflection 
of  the  electrometer-needle  would  be  a  relative  measure  of  the 
potential  of  the  plate. 

A  great  many  observations  were  taken  with  this  apparatus  ; 
and  the  results  agreed  with  the  former  ones,  not  only  qualita- 
tively, but  very  nearly  quantitatively.  I  select  the  following 
series  of  observations  to  show  this.  The  difference  is  in  this 
case  not  so  widely  apparent,  owing  to  the  extreme  Aveakness  of 
the  current  used — it  being  at  this  time,  in  order  to  get  small 
deflections,  the  weakest  used  in  the  whole  of  my  work. 


Primary  broken 

Primary  broken 

outside. 

inside. 

7-5 

9-5 

10 

9 

7-3 

9-4 

7 

9-5 

8-2 

8-5 

8-2 

9-2 

10-6 

9-5 

9-5 

8-6 

5-2 

8-4 

10 

9-7 

8-8 

8-5 

8 

9-4 

65 

10-5 

9-4 

10-9 

7 

81 

9-2 

10 

5-3 

8-7 

10-5 

12 

8-3 

7-8 

8-5 

8-4 

9-8 

10-6 

9-9 

8-6 

Mean  8  4 

9-3 

These  were  taken  in  sets  of  ten,  vnth.  wonderfully  close 
means,  notwithstanding  the  apparently  great  probable  error. 

Another  series,  with  a  stronger  current,  gave  as  the  ratio  of 
the  results  1*364. 

The  results  of  the  investigation  are  as  follows  : — 

1.  By  breaking  the  primary  circuit  of  an  induction-coil  in 
a  magnetic  field,  the  length  of  spark  produced  by  the  secondary 
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coil  is  more  than  doubled  in  length.     An  application  of  this 
fact  to  the  induction-coil  is  suggested. 

2.  The  results  by  the  diflferent  methods  used  all  show  an  in- 
crease of  electromotive  force  when  the  circuit  is  broken  in  a 
magnetic  field,  and  that  the  effect  cannot  be  purely  a  mecha- 
nical phenomenon  as  M.  Becquerel  affirms. 

3.  By  breaking  the  circuit  between  mercury  and  copper  in 
the  magnetic  field,  a  remarkable  change  of  polarity  was  ob- 
served with  the  electrometer. 

4.  An  explanation  is  offered  of  the  fact  noticed  by  Sir  Wil- 
liam Thomson,  that  a  greater  electromotive  force  per  unit  of 
length  is  needed  to  produce  a  spark  at  a  short  distance  than  at 
a  long  one. 

The  subject  of  this  paper  was  suggested  to  me  by  Professor 
Trowbridge  ;  and  throughout  all  my  work  he  has  kindly  given 
me  his  advice  and  help. 

PhA'sical  Laboratory,  Harvard  College, 
Cambridge,  U.  S. 

LV.   On  a  Case  of  Work  produced  by  the  Electric  Current. 
By  R.  Collet,  of  Moscow*  . 

THE  notice  which  I  have  the  honour  to  place  before  the 
readers  of  the  '  Philosophical  Magazine '  is  a  succinct 
rdsmne  of  two  articles  which  1  have  recently  published  in  the 
(Russian)  '  Journal  of  the  Physical  and  Chemical  Societies  of 
St.  Petersburg  '  (vol.  vii.  December  1875,  and  vol.  viii.  April 
1876)  f.  For  more  ample  details  I  refer  the  reader  to  the 
articles  themselves,  where  he  will  find  all  the  developments 
and  numerical  calculations,  which  I  have  omitted  in  the  pre- 
sent notice. 

The  total  quantity  of  energy  which  becomes  free  in  a  deter- 
mined galvanic  element  (for  instance  a  Daniell  element)  by 
the  solution  of  a  gramme  of  zinc  is  a  constant  quantity,  in- 
dependent of  the  time  spent  in  dissolving  the  zinc.  It  is  the 
mechanical  equivalent  of  the  chemical  reactions  that  take 
place  in  the  pile.  A  portion  of  this  energy  always  manifests 
itself  under  the  form  of  heat  in  the  circuit ;  another  may  ap- 
pear as  mechanical  work  produced  by  the  current.  A  direct 
consequence  of  the  principle  of  the  conservation  of  energy  is, 
that  this  second  portion  can  only  exist  and  increase  at  the 
expense  of  tlie  first,  their  sum  being  constant. 

*  Translated  from  the  MS.  (in  French)  commmiicated  by  the  Author. 

t  An  abridged  German  translation  of  the  first  of  these  articles  will  be 
found  in  Poggendorff's  Aniialen,  vol.  clvii.  p.  370 ;  that  of  the  second  -will 
shortly  appear  in  the  same  journal. 
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Relying  on  this  principle,  and  on  the  laws  of  Faraday  and 
Joule,  we  can  prove  theoretically  that  any  work  produced  by 
the  current  is  always  accompanied  by  the  appearance  in  the 
circuit  of  a  new  electromotive  force  opposed  to  that  of  the 
pile.  This  result  has  been  confirmed  by  experiment  in  all 
cases  hitherto  studied :  in  electromagnetic  motors  induction- 
currents  weaken  the  primary  current;  chemical  work,  the 
separation  of  the  elements  of  a  chemical  compound,  is  always 
accompanied  by  the  manifestation  of  the  electromotive  force 
called  '*'  polarization,"  &c.  If,  on  the  contrary,  the  experi- 
ment can  be  arranged  so  as  to  employ  external  work  to  re- 
inforce the  primary  current,  the  new  electromotive  force  will 
evidently  be  of  the  same  sign  as  that  of  the  pile.  This  is 
what  would  happen  if,  for  example,  by  the  exertion  of  our 
arms  we  were  to  impress  on  the  electromagnetic  motor  a 
motion  in  the  opposite  direction  to  that  which  it  would  have 
taken  under  the  influence  of  the  current. 

The  aim  of  the  work  I  have  undertaken  was,  to  apply  these 
principles  to  a  case  hitherto  not  investigated,  and  to  confirm 
by  experiment  the  existence  of  this  force,  which  cannot  at 
present  be  classed  in  any  category  of  known  electromotive 
forces,  but  must  be  regarded  as  a  new  one. 

Let  us  imagine  the  following  experiment.  The  current  of 
a  Daniell  element  passes  up  through  a  vertical  tube  filled  with 
any  electrolyte  (a  solution  of  nitrate  of  silver,  for  instance), 
entering  and  issuing  from  the  liquid  by  electrodes  of  metallic 
silver,  and  moreover  traverses  a  galvanometer.  A  quantity 
of  silver  equivalent  to  the  zinc  dissolved  in  the  pile  will  dis- 
solve at  the  lower  and  be  deposited  on  the  upper  electrode. 
The  transport  of  this  metal  upward  in  opposition  to  its  weight 
constitutes  work  produced  by  the  current.  Nevertheless  this 
work  is  always  accompanied  by  work  of  opposite  sign,  due  to 
the  transport  in  the  opposite  direction  of  the  group  of  atoms 
which  in  the  electrolyte  were  combined  with  the  metal.  This 
work  is  manifested  by  a  diminution  of  concentration  of  the 
salt  in  the  immediate  vicinity  of  the  negative  electrode,  and  a 
corresponding  augmentation  near  the  positive  electrode.  Hit- 
torf 's  experiments  *  on  the  transport  of  the  products  of  elec- 
trolysis by  the  current  supply  the  necesssary  empiric  data  for 
calculating  the  numerical  value  of  this  work.  It  is  found  that 
for  most  salts  (among  others,  for  nitrate  of  silver)  this  work 
is  less  than  that  of  the  transport  of  the  metal.  There  are, 
however,  two  iodides,  those  of  zinc  and  cadmium,  in  which 

*  Poggeudorfl's   Annalen,  vols.  Ixxxix.,  xcviii.,  ciii.,  cvi.      See   also 
"Wiedemann,  Gaiimimtms,  2nd  ed.,  vol.  i.  p.  555. 
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the  work  of  transport  of  the  iodine  is  greater  than  that  of  the 
transport  of  the  metal. 

It  is  important  to  observe  that,  our  reasoning  being  based 
on  the  possibiHty  of  applying  to  these  phenomena  the  principle 
of  the  conservation  of  energy,  i.  e.  the  theorem  of  vires  vivce, 
the  value  of  the  work  accomplished  is  determined  solely  by 
the  initial  and  final  states  of  the  system  of  bodies  under  con- 
sideration, and  is  consequently  independent  of  any  possible 
hypothesis  on  the  nature  of  electrolysis.  As  the  liquid  be- 
yond the  immediate  vicinity  of  the  electrodes  undergoes  no 
alteration,  the  total  work  is  equal  to  the  algebraic  sum  of  the 
weights  of  material  transported  from  one  electrode  to  the 
other,  multiplied  by  the  height  of  the  liquid  column.  As  the 
phenomenon  takes  place  in  the  interior  of  a  liquid,  the  appli- 
cation of  the  Archimedean  principle  necessitates  the  introduc- 
tion of  a  correction. 

We  have  seen  that  all  work  produced  by  the  current,  or 
supplied  by  external  forces  and  serving  to  reinforce  the  cur- 
rent, is  accompanied  by  the  appearance  of  a  new  electromotive 
force  in  the  circuit.  In  the  first  case  this  electromotive  force, 
which  I  will  designate  by  e,  will  have  the  opposite  sign,  in  the 
second  the  same  sign  as  that  of  the  pile,  E.  From  this  it 
follows  that  in  a  column  of  nitrate  of  silver  an  ascending  cur- 
rent will  be  feebler  than  a  descending  one ;  for,  in  a  circuit  of 
the  same  resistance,  we  shall  have  in  the  first  case  the  electro- 
motive force  E— ^,  and,  in  the  second,  E  +  ^.  The  inverse 
phenomenon  will  take  place  with  iodide  of  cadmium.  The 
experiments  described  below  were  undertaken  for  the  purpose 
of  verifying  this  result*. 

The  details  of  the  numerical  calculations  will  be  found  in 
the  articles  mentioned  above.  The  follo■\^-ing  are  the  final 
values  of  the  electromotive  force  for  a  column  of  1  metre : — 

Nitrate  of  silver  e=     0-000005195  DanieU. 

Iodide  of  cadmium,-g=  -0-000015670        „ 

•  The  experiments  were  commenced  in  1872  (with  sulphate  of  copper). 
They  did  not  at  first  promise  any  success  ;  for  this  reason  I  did  not  pub- 
lish any  thing  about  them,  though  I  communicated  the  results  to  my 
scientific  friends  in  Moscow.  At  that  period  I  was  obliged,  for  personal 
reasons,  to  suspend  for  nearly  two  years  all  experimental  work.  In  1873 
appeared  Prof.  Maxwell's  book,  'A  Treatise  on  Electricity  and  Magnetism.' 
I  saw  -wnth  pleasure  that  the  eminent  English  physicist  had  conceived  the 
same  idea  (I  willingly  acknowledge  that  to  him  belongs  the  merit  of 
having  been  the  first  to  enimciate  it  through  the  press) ;  to  me  the  co- 
incidence was  an  additional  assiu-ance  of  the  correctness  of  my  theoretic 
previsions.  As  far  as  one  can  judge  from  the  ten  lines  devoted  by  Mr, 
Maxwell  to  the  subject  (vol.  i.  p.  517),  he  has  calculated  the  electro- 
motive force  e  by  taking  into  consideration  only  the  transport  of  the 
metal.     He  does  not  indicate  any  experimental  means  of  verification. 
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This  force  is  independent  of  the  intensity  of  the  current  pass- 
ing through  the  liquid,  and  proportional  to  the  height  of  the 
column. 

The  principal  difficulty  of  the  experiments  was  the  presence 
of  inconstant  and  casual  currents,  due  to  the  inequality  of  the 
electrodes,  their  polarization,  &c.  The  intensity  of  these  cur- 
rents far  exceeded  that  of  the  current  given  by  the  electro- 
motive force  e,  if  special  precautions  were  not  taken  to  weaken 
them.  I  found  them  much  enfeebled  by  removing  the  air  and 
gases  dissolved  in  the  liquid. 

After  some  trials,  I  fixed  upon  the  following  order  of  appa- 
ratus : — The  liquid  column  was  a  glass  tube  filled  with  the 
solution  of  the  electrolyte,  closed  at  one  extremity,  and  com- 
municating at  the  other  with  an  air-pump,  through  a 
caoutchouc  tube,  which  could  be  closed  by  a  pinchcock 
close  to  the  glass  tube.  The  electrodes  were  sealed  in  two 
lateral  tubules,  near  the  extremities.  The  tube  turned  on  a 
horizontal  axis  passing  through  its  centre  of  gravity,  so  that 
either  of  its  ends  could  be  directed  upwards.  Thus,  without 
any  change  in  the  rest  of  the  apparatus,  the  current  could  be 
made  to  ascend  or  descend  in  the  liquid  column.  One  of  the 
tubes  which  I  employed,  and  which  I  will  call  No.  1,  had  a 
length  of  1*6  metre.  Filled  with  a  solution  of  nitrate  of 
silver,  it  offered  a  resistance  of  774  Siemens's  units.  Tube 
Ko.  2  had  a  length  of  3*6  metre,  and  a  resistance  nearly  double 
that  of  No.  1. 

The  galvanometer  was  a  reflecting  one  and  very  sensitive. 
The  wire  of  the  induction-coil  was  very  fine  and  made  a  great 
number  of  turns ;  its  galvanic  resistance  amounted  to  4077 
Siemens's  units.  Either  of  the  two  tubes  together  with  the 
galvanometer  forming  a  closed  circuit,  and  the  sensitiveness 
of  the  latter  instrument  having  been  determined  by  prelimi- 
nary experiments,  the  deviation  due  to  the  electromotive 
force  e  acting  in  a  circuit  of  which  the  resistance  ?•  was 
known  could  be  calculated  beforehand.     As  I  always  observed 

the  difference ^  =  2—  of  the   descending  and  the 

7'  r  r 

ascending  current,  the  difference  of  the  deviations  produced 
bv  these  two  currents,  which  we  will  name  8,  was  the  double 
of  the  preceding  ;  and  as  by  "  deviation  "  I  mean  everywhere 
the  difference  of  the  elongations  on  both  sides  of  the  position 
of  the  equilibrium,  elongations  obtained  on  changing  by  a 
commutator  the  direction  of  the  current  in  the  galvanometer- 
coil  alone,  it  is  evident  that  8  was  four  times  a  simple  de\aa- 

tion  due  to  the  current  - .     The  value  of  8  is   expressed  in 
r 
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arbitrary  units,  the  divisions  of  the  scale,  which  were  observed 
by  reflection  in  the  mirror  of  the  instrument. 
Calculation,  therefore,  gives : — 

Nitrate  of  silver. 

Tube  No.  1,  height  1-6  ni^re  ...  Si=   8-32 
„       „     2,      „      3-6      „       ...  g,  =  16-22 

Iodide  of  cadmium. 
Tube  No.  2,    52  =  43-10  [^82  =  21-55.] 

On  passing  an  external  current  through  my  tubes,  I  soon 
perceived  that  the  polarization  which  it  produced  in  the  elec- 
trodes was  so  intense  and  so  variable  that  it  was  impossible  to 
obtain  any  result  by  this  method.  I  therefore  resolved  to 
employ  instead  the  current  given  by  the  tube  itself  in  virtue 
of  the  inequality  of  the  electrodes,  their  polarization,  &c.  By 
precautions,  some  of  which  have  been  described  above,  this 
current  could  be  rendered  constant  and  of  the  same  order  of 
magnitude  as  the  current  due  to  the  electromotive  force  e. 

In  the  series  of  experiments  given  in  the  following  Tables 
(pp.  474,475),  I  observed  alternately  the  intensity  of  the  pro- 
per current  of  the  tube  when  ascending  and  when  descending 
through  the  liquid.  Tables  I.,  II.,  and  III.  refer  to  nitrate 
of  silver.  Columns  1  and  2  of  these  Tables  contain  the  elon- 
gations of  the  galvanometer  on  the  current  in  the  latter  being 
changed  in  direction  by  a  commutator ;  column  3,  their  dif- 
ference, which  measures  the  intensity  of  the  current.  A  de- 
signates the  ascending,  D  the  descending  current. 

Table  IV.  refers  to  iodide  of  cadmium.  Considering  the 
intensity  of  the  proper  current  of  the  tube  in  this  case,  it  was 
inconvenient  to  change  its  direction.  I  therefore  observed 
the  excursions  only  on  one  side  of  the  position  of  equilibrium 
(which  was  at  division  54  for  the  series  of  experiments  to 
which  this  Table  belongs).  The  tube  being  in  a  determined 
position,  and  the  galvanometer  having  attained  a  constant 
deviation,  I  turned  the  tube  without  touching  the  commutator. 
I  then  observed,  sometimes  a  strengthening,  sometimes  a 
weakening  of  the  current.  It  is  evident  that  this  method  has 
only  half  the  delicacy  of  the  preceding,  and  that  the  difference 
of  the  deviations  due  to  the  ascending  and  the  descending 
current  is  ^S'j.  At  the  foot  of  each  Table  are  recorded  the 
mean  differences  D  — A  or  A  — D  according  to  the  case. 
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Nitrate  of  Silver. 

Table  I. 

Tube  No.  1. 

1.  D.     27-6  —  73-8  46-2 

2.  A.     30-2  —  72-1  41-9 

3.  D.     28-1  —  74-2  461 

4.  A.     31-7  —  73-0  41-3 

5.  D.     27-G  —  73-4  45-8 

6.  A.     29-7  —  72-3  42-6 

7.  D.     28-8  —  74-8  46-0 

Difference  D  —  A  =  4-1 

Table  IL 
Tube  No.  1. 

1.  A.     36-3  —  76-9  40-6 

2.  D.     32-3  —  78-5  46-2 

3.  A.     35-6  —  77-1  41-5 

4.  D.     32-2  —  78-9  46-7 

5.  A.     33-9  —  76-8  42-9 

6.  D.     30-9  —  76-8  45-9 

Difference  D  —  A  =  4"5. 

Table  III. 
Tube  No.  2. 

1.  A.     66-9  —  27-5  39-4 

2.  D.     75-0  —  23-9  51-1 

3.  A.     66-4  —  26-3  40-1 

4.  D.    74-8  —  25-3  49-5 

5.  A.     69-4  —  29-2  40-2 

6.  D.     78-5  —  28-7  49-8 

7.  A.     73-7  —  30-8  42-9 

8.  D.     78-8  —  28-0  50-8 

9.  A.     74-7  —  30-8  43'9 

10.  D.  79-7  —  31-4  48-3 

11.  A.  77-7  —  33-4  44-3 

12.  D.  83-3  —  33-6  49-7 

13.  A.  80-0  —  36-7  43-3 

14.  D.  85-1  —  35-8  49-3 

15.  A.  80-2  —  37-7  42-5 

16.  D.  85-0  —  37-3  47-7 

17.  A.  81-8  —  39-3  42-5 

18.  D.  87-1  —  39-4  47-7 

19.  A.  83-1  —  40-3  42-8 

20.  D.  87-5  —  40-4  47-1 

Difference  D  -  A  =  6-9. 
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Iodide  of  Cadmium. 


Table  IV. 

Tube  No.  2. 

A-D. 

1. 

A. 

192-4 

D.  185-8 

6-6 

2. 

D. 

182-0 

A.  189-3 

7-3 

3. 

A. 

188-4 

D.  181-5 

6-9 

4. 

D. 

183-0 

A.  190-3 

7-3 

5. 

A. 

190-5 

D.  184-8 

5-7 

6. 

D. 

183-3 

A.  190-5 

7-2 

Difference  A  -  D  =  6-8. 

The  previsions  given  by  the  theory  are,  then,  confinned  by 
experiment,  inasmuch  as  a  difference  is  shown  between  the 
intensities  of  the  ascending  and  the  descending  current  in  a 
column  of  an  electrolyte,  and  the  sign  of  the  difference  ac- 
cords with  that  indicated  by  the  theory.  In  nitrate  of  silver 
the  descending  current  is  stronger  than  the  ascending ;  the 
reverse  is  the  case  with  iodide  of  cadmium. 

But  the  numbers  given  by  experiment  are  twice  or  three 
times  less  than  those  foreseen  by  the  theory ;  it  is  impossible 
to  attribute  so  enormous  a  difference  to  errors  of  observation. 
The  most  probable  explanation  of  this  apparent  anomaly  is  to 
be  sought  in  a  peculiarity  of  feeble  currents  noted  by  Helm- 
holtz*.  Feeble  currents,  which  polarize  the  electrodes  with- 
out producing  definite  decomposition  of  the  electrolyte  (their 
electromotive  force  being  less  than  the  electromotive  force  of 
polarization  which  they  would  call  forth  in  passing  through 
the  liquid),  or  the  currents  which  arise  from  the  depolariza- 
tion of  the  electrodes,  present  according  to  M.  Helmholtz  the 
following  peculiarity : — Ohm's  law  seems  to  be  inapplicable 
to  them  :  a  very  great  metallic  resistance  introduced  into  the 
circuit  weakens  their  intensity  but  very  little,  which  amounts 
to  the  same  as  if  the  liquid  or  the  electrodes  were  the  seat  of 
an  enormous  supplementary  resistance.  Experiment  proves 
that  this  fictitious  resistance  is  variable  and  augments  when 
the  intensity  of  the  current  diminishes.  These  phenomena 
present  a  striking  analogy  with  the  currents  given  by  elec- 
trical machines.  M.  Kossetti's  experiments  on  the  Holtz 
machine  f  have  shown  that  Avhat  may  be  called  the  internal 
resistance  of  that  machine  in  like  manner  varies  with  the 
velocity  of  rotation,  consequently  with  the  intensity  of  the 
.current.     My  tubes  presented  this  peculiarity  in  a  very  high 

*  Poggendorff's  Annalen,  vol.  cl.  p.  483. 

t  D'Almeida's  Journal  de  Physique,  1875 ;  Pogg.  Aniialen,  vol.  cliv. 
p.  507, 
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degree ;  it  is  therefore  not  surprising  that  the  deviations  of 
the  galvanometer,  calculated  on  the  basis  of  the  real  value  of 
the  resistance  of  the  circuit  alone,  should  be  less,  vi^hen,  besides  ' 
this  real  resistance,  one  must  take  into  account  a  very  con- 
siderable fictitious  resistance. 

This  circumstance  not  having  attracted  my  attention  at  the 
commencement  of  the  experiments,  I  cannot  present  the  data 
necessary  for  calculating  the  value  of  this  fictitious  resistance 
in  the  experiments  with  nitrate  of  silver.  For  those  with 
iodide  of  cadmium  (Table  IV.)  I  determined  this  resistance 
by  measuring  the  intensity  of  the  current,  first,  when  the  tube 
and  the  galvanometer  alone  formed  the  circuit,  and  again 
after  the  introduction  of  a  coil  of  7976  Siemens's  units.  I 
found  that  the  total  resistance  of  the  circuit  was  18,240 
units,  while  the  real  resistance  was  only  about  5600.  The 
galvanometer-deviation  A  — D,  calculated  with  this  new 
datum,  was  found  to  be  6*6,  in  complete  accordance  with 
the  experiments. 

The  electromotive  force  e,  tending  to  produce  a  current 
directed  invariably  downward  in  a  column  of  nitrate  of  silver, 
and  upward  in  iodide  of  cadmium,  is  independent  of  the  in- 
tensity and  direction  of  the  current  of  the  pile.  I  endeavoured 
to  pass  through  my  tubes  filled  with  nitrate  of  silver  equal 
currents  alternately  in  opposite  directions,  supplied  by  a 
magnetoelectric  machine.  These  currents,  without  acting 
themselves  on  the  galvanometer,  were  to  call  forth  the  electro- 
motive force  e,  which  was  to  deflect  the  needles. 

Contrary  to  expectation,  the  experiment  gave  a  negative 
result ;  the  phenomena  were  the  same  as  if  the  alternate  cur- 
rents had  not  traversed  the  liquid  at  all.  The  reader  is  re- 
ferred for  fuller  details  to  the  articles  above  mentioned.  There 
is  reason  to  think  that  the  quantity  of  electricity  (necessarily 
finite)  conveyed  by  any  induced  current  is  insufficient  to 
charge  the  electrodes  to  a  difference  of  potential  above  the 
maximum  electromotive  force  of  polarization,  as,  according 
to  Mr.  Varley*  and  Helmholtz,  the  electrodes  may  be  re- 
garded as  the  armatures  of  a  condenser  of  enormous  capacity. 
Now,  under  these  circumstances,  although  the  true  electro- 
motive force  of  the  induced  current  may  at  every  instant  be 
superior  to  the  maximum  of  polarization,  the  current  cannot 
pass  through  the  liquid.  This  complex  and  little-studied 
subject  requires  fresh  researches  for  its  complete  elucidation. 

In  the  phenomena  known  under  the  name  of  "  electrical 

*  Pliilosophical  Transactions,  vol.  clxi.  p.  129  (1871). 
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endosmose  "  *  tho  current  may  also  produce  work,  when  the 
pressures  are  ditferent  on  the  two  sides  of  the  diaphragm. 
It  is  easy  to  prove  that  the  electromotive  force  e  which  cor- 
responds to  this  case  is  that  of  the  '^  diaphragm-currents " 
discovered  in  1859  by  Quincke  f. 
Moscow,  April  1876. 

LVI.  Application  of  the  Mechanical  Theory  of  Heat  to  the 
Study  of  Volatile  Liquidi<:  Simjjle  Relations  between  the 
Latent  Heats,  Atomic  Weights,  and  Tensions  of  Vapours. 
By  Raoul  Pictet:}:. 

[I'late  IV.] 

IN  almost  all  recent  works  on  the  mechanical  theory  of  heat 
the  authors  devote  the  first  chapters  to  the  general  equa- 
tions of  the  thermic  problems — that  is  to  say,  to  the  principle 
of  equivalence,  and  to  the  second  principle,  that  of  the  equality 
of  restoration  in  reversible  cycles  ;  they  then  apply  directly 
the  general  equations  found  to  the  changes  of  state  of  bodies, 
and  to  the  phenomena  of  calorimetry  connected  with  them. 
Sady  Carnot,  Clapeyron,  and  afterwards  Clausius,  Dupre, 
Zeuner,  Hirn,  &c.,have  apparently  followed  analogous  courses 
and  been  conducted  to  very  similar  results.  Nevertheless  the 
physical  solution  of  the  problems  anal%i:ically  investigated  is 
always  obscure ;  it  cannot  get  rid  of  the  confused  train  of 
equations  which  constantly  veil  a  positive  comprehension  of 
the  results  of  the  analysis. 

It  is,  in  great  measure,  in  consequence  of  an  abuse  of  for- 
mulae which  are  not  translated  into  ordinary  terms  that  trea- 
tises on  physics  give  no  infoi-mation  npon  the  relations  which 
connect  the  various  properties  of  volatile  liquids.  The  aim 
we  propose  to  ourselves  is,  to  give  some  laws  representino- 
with  sufficient  exactness  the  notions  at  present  held  on  this 
question. 

First  let  us  settle  the  principal  factors  of  the  physical 
problem. 

"We  have  a  kilogramme  of  any  liquid  whatever,  at  the  tem- 
perature t°.  At  this  temperature  it  is  caused  to  pass  from  the 
liquid  into  the  gaseous  state ;  in  doing  this  it  absorbs  a 
quantity  of  heat  represented  by  X  calories — the  latent  heat  of 

*  These  phenomena,  discovered  by  Prof.  Fr.  Eeuss,  of  Moscow,  were 
investigated  chiefly  by  "Wiedemann,  Pogg.  Ann.  vol.  Ixxxvii. ;  see  also 
Galva>its77uiSy  vol.  i.  p.  57G. 

t  Pogg.  Ann.  vols.  cvii.  &  cxiii.  Wiedemann,  Galvantsmus,  vol  i 
p.  946. 

X  Translated  from  the  Bihliotheque  UniverscUe,  Archives  dcs  Sciences 
Physiques  et  Nattirelles,  Jan,  lo,  1876,  vol.  Iv.  pp.  66-83. 


478        M.  R.  Pictet  on  the  Application  of  the  Mechanical 

volatilization  ;  aud  finally  the  volume  v  of  the  liquid  becomes 
volume  V  of  the  vapour.  During  the  passage  from  the  liquid 
to  the  gaseous  state  the  temperature  t'^  has  been  kept  constant, 
and  the  tension  of  the  vapour,  P,  has  boon  likewise  constant. 

Now,  if  all  known  liquids  be  taken  and  made  to  undergo 
the  same  transformation  at  the  same  temperature  t°,  we  find 
for  each  different  numeric  values  of  \,  P,  and  V.  For  each 
liquid  the  maximum  tension  P,  the  volume  V,  and  the  latent 
heat  A,  vary ;  and  the  deviations  may  be  very  considerable. 
We  may  therefore  inquire  whether  these  three  quantities  are 
independent  variables,  to  be  determined  empiricalli/  for  each 
liquid,  or  if  any  relation  permits  them  to  be  expressed  in  terms 
of  one  another. 

M.  Regnault,  in  his  large  and  splendid  work  on  the  maxi- 
mum tensions  of  volatile  liquids  and  their  latent  heats  of 
volatilization,  has  considered  the  question  only  from  an  ex- 
perimental point  of  view,  and  has  given  interpolation-formuljB 
for  the  tensions  and  latent  heats,  without  seeking  to  establish 
any  theoretic  ratio  between  these  two  factors.  The  interpo- 
lation-formula are  often  most  complex,  and  do  not  enable 
us  to  distinguish  any  thing  general  when  the  difierent  liquids 
are  compared.  His  copious  statement,  however,  of  the  num- 
bers obtained  by  accurate  experiments  will  serve  as  a  control 
in  the  following  theoretical  discussion. 

In  order  to  put  the  problem  in  a  complete,  definite,  and 
readily  comprehensible  form,  let  us  suppose  we  have  a  re- 
servoir, A  (PI.  IV.  fig.  1),  containing  any  volatile  liquid.  A 
pump,  B,  draws  off"  the  vapour,  which  foi'ms  in  the  reservoir 
A  at  a  constant  temperature  t°  and  tension  P,  and  forces  it 
into  the  receiver  C  at  a  temperature  t'  and  under  a  constant 
pressure  P'.  The  volatile  liquid  will  pass  from  the  liquid  into 
the  gaseous  state  in  the  reservoir  A,  afterwards  from  the 
gaseous  into  the  liquid  state  in  the  reservoir  C.  To  maintain 
the  operation  and  complete  the  cycle,  the  liquid  is  to  be 
brought  back  to  its  initial  temperature ;  and  the  conduit  tube 
D  permits  the  liquid  accumulated  in  C  to  return  into  the  first 
reservoir,  A.  We  suppose  in  the  above  operation  t'  >  t°,  and 
consequently  P'  >  P. 

Thus,  for  example,  we  take  1  kilogramme  of  ether  at 
t°  =  0°  C. ;  its  vapour  is  drawn  off  under  the  tension  Pq,  and 
forced  into  C  at  a  temperature  t'  —  20°  and  under  a  pressure 
P'20 ;  and  then  1  kilogramme  of  liquid  ether  is  reduced  from 
the  temperature  20°  to  0°  in  passing  through  the  tube  D. 
The  cycle  is  complete,  since  the  ether  has  returned  to  0°  under 
the  initial  pressure  Pq,  which  was  the  point  from  which  it 
started. 
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We  can  thus  calculate,  by  means  of  the  numbers  and  Tables 
furnished  by  M.  Regnault,  two  essential  elements  of  the  pro- 
blem : — (1)  the  heat  absorbed  in  A  by  the  volatilization  of  the 
liquid,  minus  the  heat  restored  by  the  return  of  the  liquid 
from  the  temperature  t/  to  t° ',  (2)  the  work  expended,  by  the 
action  of  the  pump  B,  to  obtain  the  compression  of  the  vapour 
from  the  pressure  P,,  to  P'2o- 

Each  of  these  two  equations  is  completely  independent  of 
the  other ;  and  one  of  them  gives  a  quantity  of  calories,  the 
other  a  quantity  of  kilogrammetres. 

The  problem  has  not  hitherto  been  stated  in  this  form  ;  and 
yet  it  is  the  natural  method  for  arriving  at  the  discovery  of 
the  connexion  that  may  exist  between  the  quantities  which 
have  been  supposed  to  be  entirely  independent  and  without 
any  intimate  relation  between  them. 

For  the  calculations  we  will  adopt  the  following  s;^Tnbols  : — 
t°,  temperature  of  the  refrigerant  A ;  t' ,  temperature  of  the 
condenser  C ;  ^^^,  the  coefficient  of  dilatation  of  the  gases ; 
P,  the  maximum  tension  of  the  vapours  at  t° ;  P',  the  maxi- 
mum tension  of  the  vapours  at  t/ ;  T,  the  work  done  by  the 
pump  B ;  c,  the  specific  heat  of  the  liquid ;  S,  density  of  the 
vapour  at  0°,  referred  to  that  of  the  air;  1'293  kilog.,  weight 
of  a  cubic  metre  of  air  ;  10333  kilog.  =  atmospheric  pressure 
on  a  square  metre  ;  X,  the  latent  heat  of  the  liquid  at  t°. 

We  will  suppose  that  the  laws  of  Mariotte  and  Gay-Lussac 
apply  rigorously,  which  is  not  strictly  correct  for  all  vapours. 
We  make  the  calculation  for  1  kilog.  of  liquid. 

1st.   The  icorh  T. 
The  work  is  produced  by  the  compression  of  the  vapour  at 
<°  when  it  is  made  to  pass  from  the  pressure  P  to  the  pressure 
P'.     By  calculation  we  find  for  T : — 

10333(274  +  0^  (f)  n\ 

T  kilogrammetres  =  ^ ^     ^   •  *  *  v^v 

^  1-293  Sx  274 

/P^\ 
The  expression  M  p  )  represents  the  Napierian  logarithm  of 

the  quotient  of  the  pressures ;  it  is  introduced  into  this  for- 
mula by  integrating  the  work  between  the  limits  P  and  P'. 

2nd.   The  heat  ahsorhed  in  the  refiigerant  A. 
For  1  kilogramme  of  Hquid,  we  have 
'>^  —  c  {t'  —  t)  =  heat  absorbed  in  A,  in  calories.  .  .  (II.) 
Note  that  these  two  equations  have  not  one  letter  in  com- 
mon;   they  represent  two  totally  different  orders  of  facts* 
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Indeed,  let  us  suppose  we  have  two  volatile  liquids  possessing 
the  same  density,  the  same  tensions  P  and  P',  the  same  specific 
heat  c,  but  one  of  them  having  twice  the  cohesion  of  the  other. 
The  internal  work  of  disgregation  of  the  one  will  be  double 
that  of  the  other ;  and  consequently  the  latent  heat  X  will  be 
twice  as  much  as  X',  since  latent  heat  is  nothing  else  but  that 
which  is  absorbed  in  order  to  overcome  the  cohesion  of  the 
liquid  molecules. 

In  this  example  the  quantity  T  would  be  the  same  for  both 
liquids;  but  the  second  formula  would  give  for  X. — c  (t'  —  t) 
and  X'  —  c  {t'  —  ^)  values  which  might  vary  from  the  single  to 
the  double. 

Let  us  suppose,  in  the  second  place,  that  the  two  liquids 
have  X  and  X'  equal,  c  equal,  but  S'  =  2S.  The  quantity,  in 
kilogrammetres,  expressed  by  T  and  T'  will  be 


T  = 


10333  (274  +  0 /(^') 


l-293Sx274 

103£ 
T'= 


10333  (274  +  0  ^(p) 


1-293x28x274 

replacing  S'  by  2S;  thus  T  =  2T',  while  the  heat  withdrawn 
from  the  refrigerant  A  ^^dll  be  constant  in  the  two  cases. 

It  may  likewise  be  that  all  the  quantities  X,  c,  P,  P',  h,  &c. 
varv  from  one  liquid  to  the  other,  in  such  manner  that  the 
equations  have  nothing  general  as  a  theoretic  result,  and  that 
they  can  only  be  applied  for  each  liquid  in  particular  by  taking 
the  numerical  coefficients  from  experimenters  worthy  of  con- 
fidence. 

Therefore,  forming  no  hypothesis  on  the  constitution  of 
liquids,  but  accepting  the  arbitrary  and  empiricism  in  this 
matter,  our  two  equations  remain  essentially  inde^yendent. 

It  is  here  that  an  hypothesis  finds  a  place ;  and  we  emphasize 
the  word,  because  it  is  purely  and  simply  an  h\q3othesis :  we 
suppose  that  the  cohesion  of  liquids  is  constant  for  all ;  we  as- 
sume that  the  mobility  of  the  molecules  which  characterizes 
the  liquid  state  corresponds  to  an  equal  molecular  or  atomic 
attraction — that  X  and  X',  referred  to  two  molecules,  are  equal 
and  constant  for  all  liquids  without  exception.  This  first 
hyi^othesis  furnishes  a  relation  between  equations  I.  and  II. 

We  will  now  make  a  second  hjyi^othesis,  viz.  that  Carnot's 
cvcle  applies  to  volatile  liquids  and  to  their  changes  of  volume 
when  they  are  volatilized,  and  that  it  establishes  the  ratio 
between  the  work  expended  and  the  heat  absorbed. 
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Of  these  two  hypotheses,  therefore,  the  first  is  based  on  a 
deduction  resting  upon  the  similar  physical  state  of  liquids,  the 
second  on  the  principle  of  equality  of  return. 

If  the  second  hypothesis  were  not  verified,  we  might  com- 
bine two  reversible  cycles,  Carnot's  and  that  supplied  by  a 
volatile  liquid  ;  the  diiierence  of  the  two  would  be  represented 
by  the  transformation  of  a  certain  quantity  of  surrounding 
heat  into  mechanical  work.  In  fact,  Carnot's  cycle  proves 
that,  given  a  quantity  of  heat  Q  disposable  at  temperatures 
t'  and  t,  we  can  always  transform  into  work  a  quantity 

In  the  cycle  represented  in  our  figure  1,  we  dispose  in  the 
condenser  of  a  quantity  of  heat  of  which  the  minimum  is 

Q  =  \  at  a  temperature  ^ ; 

we  can  therefore  always  derive  from  it  a  motive  force  given 
by  the  expression 

t'  —  t 
T  =  \  X  433'5  mechanical  heat-equivalents. 

If  this  quantity  be  greater  than  T  derived  from  equation  I., 
we  shall  evidently  have  disposable  work  which  will  be  ex- 
pressed by  the  combination  of  the  two  cycles,  or  T'  — T,  and 
which  will  be  derived  from  surrounding  sources  of  heat. 

Introducing  our  two  hypotheses  into  equations  I.  and  IL, 
we  have  the  following  relations : — 

Our  equation  II.  may  be  represented  by 

\  —  c{t'  —  t')=-(^,  heat  absorbed  in  A. 

If  we  calculate  by  means  of  Carnot's  cycle  the  work  which 
must  be  expended  in  order  to  derive  a  quantity  of  heat  Q  at 
the  temperature  t  and  make  it  pass  into  t' ,  it  is  given  by  the 
expression 

Reducing  this  equation,  and  denoting  by  E  the  mechanical 
equivalent  of  the  heat,  w^e  get 

c^~, .     — ^^ =kilofframm^tres  required. 

274 +  t  ^  ^ 

We  now  equate  this  work  obtained  by  Carnot's  cycle  with 
that  which  we  found   for  the  cycle  of  a  volatile  liquid,  and 
Phil.  Mag.  S.  5.  Vol.  1.  No.  6.  June  1876.  2  K 
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tlience  derive  the  following  principal  relation, 

1-2938x274         ~  274  +  ^         ^^^^'^ 

Deri^'ing  from  this  equation  the  value  of  \— <:*(^^  — ^),  we  get, 
as  the  general  formula  corresponding  to  our  hypothesis, 


10333(274 +  0'^(y) 


^    <^'     ^^~l-2938Ex274(i'-0"      '     ^^^'"^ 

If  our  h}"j)othesis  is  correct,  if  it  answers  to  the  physical 
conditions  of  the  problem,  it  will  prove  true  for  all  liquids  and 
at  all  temperatures.  We  must  take  any  liquid  Avhatever,  select 
arbitrarily  two  temperatures  t  and  t' ,  seek  in  M.  Regnault's 
Tables  the  pressures  P  and  P'  corresponding  to  the  tempera- 
tures t  and  t' ,  and  ascertain  if  equation  IV.  is  constantly  ac- 
curate. If  the  results  do  not  confirm  our  previsions,  it  is 
because  the  h^qDothesis  is  ill-founded  and  Caruot's  cycle  does 
not  apply  to  volatile  liquids. 

We  Vi'iW  take  water  for  example,  Avhich  was  so  carefully 
studied  by  M.  Regnault,  and  verity  the  equation  for  the  tem- 
peratures ^  =  100°  and  ^'  =  110°.    "The  constants  are  P  =  760, 

F  =  1075-37,  S=0-625,  c=l,  E  =433-5,  ^  =1-41496. 

_  (  f_  10333(374)^/(1-41496) 

^     fV      ^)- 1.293x0-625x433-5x10x274' 

Here  is  the  calculation  in  extenso  as  an  example  of  a  parti- 
cular case : — 

Log  1-41496  =  0-1507400. 

Loo- 0-1507400  =1-1782285         Log      1-293  =  0-1115985 

1         =0-3622157  .      .il'^f  =l'r^fS^S? 

"  m  „     433-5    =2-6369891 

„     10333         =4-0142264  „     274       =2-4377506 

„         374         =2-5728716  „        10       =1-0000000 

id.  =2-5728716  5-9822182 

Log  numerator...  8-7004138 
Log  denominator  5-9822182 

2-7181956  log  522-63. 

And  we  have  X  — 10  =  522-63,  whence  X  =  532-63. 

Looking  into  the  Tables  of  M.  Regnault,  we  find  that,  for 
the  temperature  of  100°,  X  is  equal  to  536  calories.     The  dif- 
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fercnce  is  only  3  calories,  or  .,  J^  of  the  real  value.  This  result, 
then,  confirms  and  justifies  our  hypothesis. 

Equation  IV.  differs  essentially  from  those  which  have  been 
proposed  by  MM.  Clapeyron,  Clausius,  Zeuner,  &c.  by  the 
term  c{tf  —  t),  which  has  been  totally  neglected  in  the  analysis 
of  the  problems  belonging  to  the  investigation  of  latent  heats. 

Before  exhibiting  the  general  Table  of  the  results  to  which 
this  method  of  calculation  leads,  let  us  simplify  equation  IV. 
by  investigating  the  latent  heat  of  liquids  at  the  boiling-point. 
For  the  temperature  of  ebullition  the  pressure  P  becomes  the 
same  for  all  liquids ;  and  if  we  make  if  converge  towards  t, 
P'  will  come  indefinitely  near  to  P;  therefore  t'  —  t  converges 

towards  0,  and  the  fraction  -7^ — '^  becomes  the  derivate  of  the 

pressure  in  relation  to  the  tem])eratures.  Equation  IV.  can 
then  be  written 

.       10333(274  +  0'      ,    .    ,     /vp) 
^=  P293TE  x¥74  ^  ^'^^^'^^^  ^^  Y^t' 

To  obtain  this  derivate,  let  us  differentiate  the  equations  of 
the  pressures  expressed  as  functions  of  the  temperatures  in  im- 
mediate proximity  to  the  boiling-point.  In  fig.  2  we  have 
represented  the  whole  of  the  curves  given  by  M.  Regnault. 
The  abscissas  are  reckoned  from  one  5  degrees  to  another  above 
and  below  the  boiling-point ;  and  the  ordinates  are  the  corre- 
sponding pressures.  This  curve  shows  clearly  the  result  of 
the  differentiation — namely,  that  we  arrive  at  a  derivate  which 
is  sensibly  a  constant  multiplied  by  a  simple  function  of  the  ab- 
solute temperature  for  all  liquids.  The  curve  widens  slightly 
abo\e  and  below  the  pressure  of  7(30  millims. ;  but  in  the  im- 
mediate A'icinity  of  that  pressure  the  same  curve  represents 
very  accurately  all  liquids. 

In  the  following  Table  we  put  the  names  of  the  volatile 
liquids  in  the  first  column,  in  the  second  the  temperatures  of 
the  boiling-point,  in  the  third  the  calculated  latent  heats,  and 
in  the  fourth  the  latent  heats  observed  by  M.  Regnault  and 
given  in  his  work.  For  very  volatile  liquids  the  derivate  in- 
creases very  sensibly,  as  may  be  seen.  We  gi^-e  here  only  a 
few  liquids  from  the  general  Table. 
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Liquid. 

Boiling- 
point. 

\  calcu- 
lated. 

\ob. 
served. 

Derivate. 

Water 

100 

78-21 

46 

35 

60 

80 

10 

155 

350 

-   10 

5339 

210 
84 

90-12 
60-73 
92-9 
92-8 
65-6 
71-6 
94-2 

536 
21405 

8354 

89-76 

61 

92-26 

921 

68 

77 

94-5 

00346 
0-0325 
0  03189 
0  03563 
0-03337 
003000  1 
003779  ! 
00261 
002049 
004374 

Alcohol  

1  Sulphide  of  carbon    

Sulphuric  ether 

Chloroform    

Benzine  

Chlorhydrio  ether 

Essential  oil  of  turpeniine    ... 
Mercury 

It  is  easy  to  see  the  perfect  coincidence  which  exists  betwen 
the  results  of  our  hypothesis  and  those  furnished  by  experi- 
ment. The  deviations  are  very  slight,  and  are  readily  explained 
by  the  anomalies  of  Mariotte's  law  and  the  errors  of  observa- 
tion, of  which  no  account  was  taken  in  our  equations. 


The  column  of  derivates  shows  that  the  value  of 


t'-t 


for 


P  =  760  and  t'  =  i  increases  with  the  volatility  of  the  liquids  ; 
we  can  represent  with  sufficient  exactness  the  values  of  this 
derivate  by 


D 


t'-t 


=  K 


274 
274 +  r 


(V.) 


Applying  this  formula  (V.)  to  the  liquids  mentioned  in  the 
preceding  Table,  we  have  : — 


Liquid. 

Boiling- 
point. 

Derivate. 

Value  of  K. 

Water 

Alcohol  

Sulphide  of  carbon    

Sulphuric  ether 

100 

78-21 

46 

35 

60 

80 

10 

155 

350 

-    10 

00346 

0-0325 

003189 

0-()35fi3 

0(i£337 

0-03000 

003779 

00261 

0  02049 

004374 

0-045 
0-042 
0039 
0-040 
0-040 
0040 
0-040 
0040 
0-044 
0041 

Chloroform    

Benzine  

Chlorhydric  ether 

Essential  oil  of  turpentine  ... 
Mercurv       .  .            

1                      ' 

Thus  the  factor  -  '       -  multiplying  the  derivate  of  the  pres- 
sures with  respect  to  the  temperatures  gives  a  constant  quan- 
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tity  0*041,  or  very  nearly.  For  liquids  so  different  as  mercury 
and  sulphurous  acid,  the  difference  is  only  0*003,  or  a  deviation 
of  less  than  ^. 

Having  verified  our  hypothesis  concerning  Carnot's  cycle 
and  that  of  volatile  liquids,  we  return  to  our  hypothesis  relative 
to  the  cohesion  of  liquids.  We  suppose  that  atomic  cohesion  is. 
constant  for  all  substances  affecting  the  liquid  state.  Let  a  de- 
note the  weight  of  a  liquid  atom,  and  F  the  cohesion  which 
connects  it  Avith  those  surrounding  it ;  let  P  be  the  pressure 
at  the  temperature  t° ;  and  let  us  choose  for  all  liquids  a  con- 
stant pressure  P  =  760  milluns.,  which  corresj^onds  to  the  boil- 
ing-point. 

Since  the  external  pressure,  exerted  by  the  vapour  on  the 
liquid,  is  constant,  the  heat-effort  and  its  loork  of  disgregation 
is  exactly  represented  by  the  iiiternal  latent  heat  at  that  tempe- 
rature. Now,  if  F  is  the  force  acting  according  to  any  law 
through  a  space  equal  for  all  liquids,  the  work  of  disgregation 
to  separate  into  the  gaseous  state  an  atom  of  liquid  will  be  F^ 
=  a  constant. 

The  number  of  atoms  contained  in  a  weight  1  is  -  :  but  a 

must  be  taken  at  its  value  for  the  temperature  t — that  is  to  say, 
the  density  of  the  atom  variable  according  to  the  temperature 
of  the  boiling-point.  Integrating  the  elementary  work  for  the 
weight  of  1  kilogramme,  the  sum  will  represent  the  internal 
latent  heat  of  the  liquid  at  the  temperature  t°,  and  we  have  the 
fundamental  equation 

^=^^^^' (^i-) 

ax  274    '  ^       ^ 

whence  we  deduce 

|J^=K; (VII.) 

2/4  +  ^  '  ^         ^ 

and  making  the  constant  factor  274  to  vanish  for  all  liquids, 
we  arrive  at 

^r.^=K, (VIII.) 

2^4  +  i  '  ^  ^ 

an  equation  connecting  the  atomic  weight  ynih.  the  tempera- 
ture and  the  internal  latent  heat. 

Before  making  the  numerical  verification,  we  will  remark 
that  the  external  ktent  heat  is  sensibly  proportional  to  a ;  so 
that  the  equation  (VIII.)  will  refer  with  sufficient  accuracy 
either  to  the  total  latent  heat,  or  to  the  internal  latent  heat 
alone.  In  the  following  Table  we  give  the  products  of  the 
atomic  weight  by  the  two  latent  heats. 
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Liquid. 


Water    

Chloroform    

Sulphide  of  carbon   . . . 

Sulphuric  ether 

Essential  oil  of  turpentine 

Mercury 

Acetone  

Benzine  

Wood-spirit  , 

Chlorh jdi-ic  ether , 

Alcohol  , 

Sulphurous  acid    


Total 

latent 

Boiling- 

heat. 

point. 

536  (cal.) 

100 

61 

60 

83-54 

46 

8976 

35 

68-8 

155 

775 

350 

130 

55 

92-26 

80 

264 

67 

921 

10 

210 

78-2 

94-56 

-10 

Atomic 
weight. 


External 
latent 
heat. 


9 
59 
38 
37 
68 
100 
29 
39 
16 
32 
23 
32 


40  (cal.) 

531 

818 

815 

614 

6-06 
11044 

8-838 
20-48 

8-58 
14-9 

8-6o 


Total  heat 

by  atomic 

weight. 


1250 

10-80 

1000 

10-7 

11-8 

11-9 

11-45 

1017 

12-35 

10  37 

12  5 

112 


Internal  heat 

by  atomic 

weight. 


11-80 
10  00 

9-70 
10  05 
10-90 
10-21 
10-48 

9-98 
11-30 

9-65 
11-51 
1041 


This  Table  shows,  by  the  numbers  contained  in  the  last  two 
columns,  that  all  the  liquids  have  the  same  cohesion,  and  that 
our  hypothesis  is  true.  These  comparisons  will  perhaps  make 
it  possible  for  us  to  calculate  as  a  fraction  of  a  millimetre  the 
real  diameter  of  the  atoms.  Indeed  cohesion  plus  the  pressure 
exerted  upon  the  liquid  are  the  only  forces  which  resist  the 
disgregating  action  of  heat ;  and  by  varying  the  temperature 
we  get  two  numerical  equations  which  would  be  perfectly  de- 
finite, if  we  knew  the  law  of  the  attractions  as  functions  of 
the  distances  of  the  attracting  particles,  and  the  distribution 
of  the  external  pressure  upon  each  atom.  I  reckon  upon  re- 
suming this  question  in  an  early  publication. 

The  result  of  this  numerical  verification  permits  us  to 
establish  another  relation  between  the  latent  heats  and  the 
atomic  weights. 

Since  cohesion  is  a  constant  quantity  for  all  liquids,  what  do 
the  differences  observed  by  M.  Regnault  in  the  internal  latent 
heats  at  various  temperatures  represent  ?  They  are  only  the  ex- 
pression of  the  work  expended  to  separate  the  constituent  atoms 
of  the  liquid  from  the  temperature  t  to  t'.  If  we  admit  that 
the  temperatures  are  proportional  to  the  amplitudes  of  the 
flight  of  the  atoms  from  each  other,  calling  F  the  attraction 

F 

of  two  atoms  for  a  distance  corresponding  to  1°,  —  =  the  at- 
traction for  a  temperature  x,  and  the  integral  of  the  work 
necessary   to    raise    the   temperature    from    t   to    t'   will    be 

C*i' dx 
Y  I     —^.  This  elementary  work  must  be  repeated  for  each  atom 

of  the  liquid ;  and  referring  the  work  to  the  kilogramme  we 

1  f  dx 
shall  have  -  I     -~  =  work  expended  to  raise  the  temperature 

Ct    } .       X 
«^  * 


i 
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of  tho  liquid  from  t  to  /'.  Dividing  this  quantity  by  the 
nicchanioal  equivalent  4o3'5,  we  shall  obtain  the  difieronces 
of  the  latent  heats,  and  Ikmico  equation  IX., 

..,.,  .  \  — ^  =  difference  of  the  internal  latent  heats.  .  (IX.) 
43d'0a  \,    .r'"  -^        ^ 

But  we  have  demonstrated  that  cohesion  is  the  same  for  all 

liquids  ;  therefore  the  factor  ..,.-.  ^  I     — ^  =  K  for  all  liquids, 
^  433-D  J^    .?•"*  ^        ' 

and  equation  IX.  is  simplified  into, 

Difference  of  the  internal  heats  =  Ka (X.) 

From  this  equation  we  conclude  that,  for  two  temperatures 
t  and  t'  taken  arbitrarily,  the  difference  of  the  internal  latent 
heats,  multiplied  by  the  atomic  iveight,  is  a  constant  number  for 
all  liquids. 

The  folloAving  is  a  statement  of  some  numerical  verifications 
with  the  differences  of  temperature  100°  and  110°,  100°  and 
150°,  50°  and  150° :— 


Liqnicl. 

Internal  latent  heats. 

Atomic 
weight. 

Product. 

At  100°.   At  110°. 

Difference. 

Water    

calories. 

496-29 

183-60 

51-03 

39-64 

6733 

At  100°. 

496-29 

183-60 

5103 

39-64 

67-33 

At  50=. 

536-12 

218-75 

56-75 

44-64 

76-07 

calories. 

488-36 

177-21 

49-86 

38-53 

65-34 

At  150°. 

456-70 

154  09 

4512 

33-76 

56-61 

At  150°. 

456-70 

154-09 

4512 

33-76 

56-61 

calories. 
7-93 
6-39 
117 
Ml 
1-99 

39-59 

29-51 

5-91 

5-88 

10-72 

79-42 
64-66 
11-63 
10-88 
19-46 

9 
11 

59 
65 

38 

9 
11 
59 
65 
38 

9 
11 
59 
65 
38 

7137 
70-29 
69-03 
7215 
7562 

356-31 
324-61 
348-69 
38-J-2() 
407-36 

714-70 
811-06 
68617 
707-20 
739-48 

Alcohol  

Chloroform    

Chloride  of  carbon    . . . 
Sulphide  of  carbon   . . . 

Water    

Chloroform    

Chloride  of  carbon    . . . 
Sulphide  of  carbon   . . . 

Water     

Alcohol  

Chloroform    

Chloride  of  carbon   . . . 
Sulphide  of  carbon  ... 

Of  all  experimental  determinations,  those  of  internal  latent 
heats  are  the  most  delicate  in  calorimetry ;  so  that  we  cannot 
demand  more  complete  accord  between  theory  and  experiment 
within  limits  of  temperature  so  wide  apart ;  the  agreement  is 
sufficient  to  justify  our  law  respecting  the  internal  latent 
heats. 

As  a  complement  to  the  experimental  synthesis  of  our 
equations,  we  can  apply  them  to  a  cycle  similar  to  that  of 
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fig.  1,  which  has  been  employed  industrially  in  the  pi'oduction 
of  ice  by  means  of  sulphurous  acid.  The  observations  were 
made  with  extreme  accuracy  during  the  space  of  one  month 
at  La  Ciotat,  near  Toulon,  by  the  care  of  M.  Vesigne,  Manager 
of  the  dockyards  of  the  Messageries  Maritimes. 

One  engine  produced  36  kilogrammes  of  ice  per  hour,  under 
the  following  conditions  : — 

Temperature  of  the  refrigerant  — 10° ;  temperature  of  the 
condenser  +  35°. 

Pressure  at  —  10°  =  762*49  millims. ;  pressure  at  35°  = 
4014-78  millims. 

Specific  heat  c  =  0*35  ;    X  at  —  10°  for  sulphurous  acid 
=  102;  andS=  2-112. 

The  equation  of  the  quantity  of  heat  absorbed  in  one  minute 
to  produce  36  kilos  of  ice  per  hour  is  given  by 

P  102  -  j9  45  X  0-35  =  60  calories, 

in  which  p  is  the  weight  of  sulphurous  acid  volatilized.  We 
find  p  =  694  grammes.  Substituting  this  value  of  p  in  the 
equation  of  the  work  T  for  1  second,  we  have 

10333p^(^^^\ 
rp  _  \  7b2-4y  /  _  gg.^^  kilogramm^tres. 


1-293x2-112x60 

We  will  remark  that  ice  proceeding  from  the  solidification 
of  water  at  21°  absorbs  100  calories  per  kilogramme;  con- 
sequently the  engine  absorbs  1  calory  per  second;  and  by 
Carnot's  cycle  we  have  the  following  relation, 

'^  ~    074  4./     ~ — 309 =  63-13  kilogramm^tres. 

By  the  cycle  of  sulphurous  acid  we  find  69*44  k. ;  the  co- 
incidence is  almost  absolute.  Let  us  add  that  in  practice  the 
ice-engine  consumes  under  these  conditions  one  horse-power 
of  steam,  or  about  75  kilogrammetres. 

From  all  that  precedes  we  can  draw  the  following  con- 
clusions : — 

1.  Cohesion  is  a  constant  quantity  for  all  liquids. 

2.  The  derivate  of  the  Napierian  logarithm  of  the  quotient 
of  the  tensions  by  the  temperatures  is  constant  for  all  liquids 
at  the  same  pressure  and  the  same  temperature. 

3.  The  latent  heats  of  all  liquids,  brought  to  one  and  the 
same  pressure,  multiplied  by  the  atomic  weight  at  the  same 
temperature,  give  a  constant  product. 

4.  For  all  liquids,  the  difference  of  the  internal  latent  heats 
at  any  two  temperatures,  multiplied  by  the  atomic  weight,  is  a 
constant  number. 
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We  see  now  that  the  quantities  which  seemed  absolutely 
independent  of  each  other  are  united  by  relations  all  very 
simple,  rendering  unnecessary  the  employment  of  long  empiric 
formulae,  which  often  rest  only  on  more  or  less  (luestionable 
observations. 

Finally,  if  we  compare  the  results  of  this  investigation  with 
Dulong  and  Petit's  law  on  specific  heats,  we  can  establish  one 
relation  more,  and  say  that  the  latent  heats  of  all  liquids  are 
multiples  of  the  specific  heats. 

In  a  memoir  to  be  published  shortly,  Ave  shall  more  com- 
pletely develop  these  questions,  of  which  these  few  lines  are 
only  a  succinct  epitome. 


LVII.  Notices  respecting  Neic  Books. 

The  Theory  of  Screws :  A  study  in  the  Dynamics  of  a  rigid  body.  By 
Egbert  Stawell  BiXL,  LL.D.,  F.R.S.,  Andrews'  Professor  of 
Astronomy  in  the  University  of  Dublin,  and  Astronomer  Royal  of 
Ireland.  Dublin:  Hodges,  Foster  &  Co.,  Grafton  Street.  1876 
(8vo,  pp.  194). 

T^HIS  book  contains  the  substance  of  various  pre\-iously  published 
*-  papers,  which  the  author  has  rewritten  and  systematically 
arranged.  It  is  in  fact  a  treatise  on  the  equilibrium  and  motion 
of  a  rigid  body,  regarded  from  a  point  of  \iew  quite  different  from 
that  of  other  writers. 

The  theory  is  worked  out  with  great  completeness  and  in  a 
manner  that  bears  conspicuous  testimony  to  the  extent  of  the 
author's  acquirements  and  to  his  power  as  a  mathematician. 

For  several  reasons  it  is  difficult  to  convey  any  idea  of  the  con- 
tents of  the  work  within  the  hmits  of  a  short  notice.  Thus,  to  men- 
tion only  one — very  many  technical  terms  are  used,  which  need 
definition  for  the  purposes  of  the  discussion  in  hand ;  a  list  of 
fifty-five  of  these  terms  is  given  in  a  separate  index.  We  will, 
however,  endeavour  to  state,  as  briefly  as  possible,  some  of  the 
fundamental  points  of  the  theory,  and  to  show  by  an  example  or 
two  how  they  apply  to  the  exposition  of  the  subject.  It  will  be 
proper  to  premise  that  the  discussion  is  conducted  under  certain 
restrictions  ;  e.  g.  the  body  is  supposed  to  be  acted  on  by  the  same 
forces  whenever  it  occupies  the  same  position — a  restriction  which 
excludes  such  forces  as  those  arising  from  a  resisting  medium,  or 
from  friction.  Again,  it  is  assumed  that  the  body  while  under  ex- 
amination continues  indefinitely  adjacent  to  its  original  position,  so 
that  all  displacements  are  supposed  to  be  small.  Though  this  re- 
stricts the  field  of  inquiry,  it  still  leaves  it  wide  enough  to  include 
the  theory  of  equihbrium,  of  impulsive  forces,  and  of  small 
oscillations. 

It  is  well  known  that  any  displacement  which  a  rigid  body  under- 
goes may  be  reduced  to  a  rotation  round  an  axis  and  a  translation 
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parallel  to  that.^xis,  and  that  any  system  of  forces  acting  on  a  rigid 
body  can  be  reduced  to  a  single  force  and  a  couple  whose  plane  is 
at  right  angles  to  the  direction  of  the  force.  These  theorems  are 
the  starting-point  of  Theory.  Adverting,  in  the  first  instance,  to 
the  former,  or  kinematical  theorem,  it  will  be  observed  that  the  dis- 
placement of  the  body  might  be  effected  by  supposing  it  to  be  rigidly 
attached  to  a  screw  working  in  a  fixed  nut,  the  axis  of  the  screvp^ 
being  properly  directed  and  its  pitch  properly  chosen.  For  the 
purpose  of  the  present  discussion  the  term  pitch  denotes  the  distance 
through  which  the  screw  advances  when  turned  through  the  unit 
angle  of  circular  measure  ;  indeed  a  screw  is  defined  by  our  author 
to  be  "  a  straight  line  in  space  with  which  a  definite  linear  magni- 
tude, termed  the  pitch,  is  associated."  Accordingly  the  theorem 
may  be  stated  thus : — any  displacement  of  a  rigid  body  may  be  re- 
presented by  a  twist  about  a  screw.  In  like  maimer,  the  second  or 
mechanical  theorem  above  cited  may  be  stated  thus  : — Any  system 
of  forces  acting  on  a  rigid  body  may  be  reduced  to  a  wremh  on  a 
screw, — meaning  thereby  a  force  directed  along  the  axis  of  the  screw 
and  a  couple  acting  in  a  plane  at  right  angles  to  the  screw,  whose 
moment  is  the  product  of  the  force  and  the  pitch.  It  is  hardly 
necessary  to  observe  that  the  reductions  contemplated  in  these  two 
theorems  are  unique. 

The  composition  of  t\Adsts  and  wrenches  can  be  effected  by  the 
same  method  ;  but  we  shall  state  it  with  reference  to  the  former. 
Let  the  axes  of  x  and  1/  be  two  screws  (a.  and  /?)  whose  pitches  are 
p  and  q,  and  suppose  the  body  to  receive  simultaneously  about  them 
twists  whose  amplitudes  are  6  cos  I  and  d  sin  I,  it  can  be  shown 
that  these  ai'e  equivalent  to  a  single  twist  of  amplitude  6  about  a 
screw  whose  position  is  defined  by  the  equations 

l/=x  tan  I, (1) 

z  =  (p  —  q)  sin  I  cos  I,    .     .     .     .     .     .  (2) 

and  whose  pitch  is 

p  cos-  l  +  q  sin^  I (3) 

If  we  eliminate  I  between  (1)  and  (2)  we  obtain 

z(A^+y-)-(p-q)Ay=0 (4) 

This  is,  of  course,  the  equation  to  the  surface  which  is  the  locus  of 
the  screws,  the  twists  about  which  are  the  resultants  of  two  twists, 
of  all  relative  magnitudes,  simultaneously  effected  round  a  and  /3. 
It  will  be  observed  that  each  generator  of  the  surface  has  its  own 
particular  pitch  given  by  (3),  an  expression  which  can  be  represented 
by  an  obvious  geometrical  construction.  The  surface  is  called  the 
cylindroid  :  a  method  of  constructing  a  model  of  it  is  given  on 
p.  193  ;  and  a  representation  of  the  model  when  constructed  forms 
a  frontispiece  to  the  volume. 

The  above  method  gives  a  rule  for  the  composition  in  only  a 
particular  case.  It  is  completed,  however,  by  observing  that  if  we 
have  any  two  assigned  screws  (0  and  <p)  placed  anyhow  in  space, 
one  cylindroid  (and  only  one)  can  be  drawn  to  contain  them,  and 
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which  they  determine,  the  pitch  corresponding  to  each  generating 
line  (it  mnst  be  remembered)  being  also  determined.  It  can  be 
shown  that  if  a  body  receive  twists  about  three  screws  on  a  cylin- 
droid,  and  if  the  amplitude  of  the  tw  ist  about  any  one  screw  is  pro- 
portional to  the  sine  of  the  angle  bet\\  een  the  other  two  screws,  the 
body  will  return  to  its  original  position.  Hence,  supposing  the 
cylindroid  determined  by  two  screws  to  be  constructed,  we  have  a 
simple  general  ride  for  the  composition  of  two  twists  about  those 
screws.     And  the  like  is  true  of  wrenches. 

Let  there  be  two  screws  whose  pitches  are  p  and  q  inclined  to 
each  other  at  an  angle  O,  and  let  d  denote  the  shortest  distance 
between  them  ;  snppose  the  body  to  receive  a  wrench  of  intensity 
P  round  the  latter  and  to  twist  round  the  former  through  an  angle 
of  small  amplitude-  a ;  the  work  can  be  proved  to  equal 

aP  ■!(p4-?)cos  0-fZsinO[  : 

the  coefficient  of  a  P  is  called  the  virtual  coefficient  of  the  two 
screws.     It  is  plain  that  if  the  constants  are  so  related  that 

{p  +  5)  cos  0  —  d  sin  0=0 
no  work  will  be  done  by  P,  and  consequently  that  the  two  screws 
jp  and  q  have  this  property,  that  a  body  at  rest,  but  free  to  twist 
round  the  former,  remains  at  rest  when  it  receives  a  wrench  round 
the  latter.  The  form  of  the  above  expression  shows  that  if  the  body 
is  at  rest,  but  free  to  twist  round  the  latter  screw  {q),  it  will  remain 
at  rest  when  it  receives  a  wrench  round  the  former  (p).  Two 
screws  {p  and  q)  thus  related  are  called  reciprocal  screws. 

Now  suppose  a  screw  {-q)  to  be  reciprocal  to  two  screws  (0  and  <p), 
it  will  be  reciprocal  to  every  screw  in  the  cylindroid  (0,  (p) ;  77  will 
cut  the  cylindroid  in  three  points,  and  therefore  will  meet  three 
screws,  to  one  of  which  it  will  be  perpendicular  ;  and  the  other  two 
will  have  pitches  equal  and  of  opposite  sign  to  its  own.  Let  any 
point  P  be  taken,  and  from  it  let  lines  be  drawn  at  right  angles  to 
the  screws  of  a  cylindroid  severally;  any  one  line  meets  the  surface 
on  two  other  scre'n  s  of  equal  pitches ;  let  a  pitch  equal  and  of  oppo- 
site sign  to  them  be  attributed  to  it ;  the  locus  of  the  lines  (which 
are  proved  to  form  a  cone  of  the  second  order)  is  the  reciprocal  cone 
drawn  through  that  point  to  the  cylindroid. 

The  points  we  have  hitherto  mentioned  relate  to  the  fovmdation 
of  the  method,  and  receive  considerable  development  before  it  is 
applied  to  the  discussion  of  the  dynamics  of  a  body  enjo\ang  dif- 
ferent orders  of  fredom.  How  the  method  is  applied  may  be  in 
some  degree  understood  from  the  following  general  statement  re- 
garding the  contents  of  the  latter  part  of  the  volume.  In  the  dis- 
cussion of  each  order  of  freedom  "  we  shall  first  ascertain"  (savs  the 
author)  ''what can  be  learned  as  to  the  kinematics  of  a  rigid  body, 
so  far  as  small  displacements  are  concerned,  from  merely  knowing 
the  order  of  the  freedom  which  is  permitted  by  the  constraints.  This 
will  conduct  us  to  a  knowledge  of  the  screw  complex,  which  exactly 
defines  the  freedom  enjoyed  by  the  body.    "We  shall  then  be  enabled 
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to  determine  the  reciprocal  screw  complex,  which  involves  the  theory 
of  equilibrium.  The  next  group  of  questions  will  be  those  which 
relate  to  the  effect  of  an  impulse  upon  a  quiescent  rigid  body,  free 
to  twist  about  all  the  screws  of  the  screw  complex,  i'inally,  we 
shall  discuss  the  small  oscillations  of  a  rigid  body  in  the  vicinity  of 
a  position  of  stable  equilibriuui,  under  the  influence  of  a  given 
system  of  forces,  the  movements  of  the  body  being  limited  as  before 
to  the  screws  of  the  screw  complex  "  (p.  83). 

An  explanation  of  the  meaning  of  the  technical  terms  printed  in 
italics  is  needed  for  the  elucidation  of  this  passage.  In  the  first 
place  suppose  a  body  to  be  free  to  receive  a  twist  about  each  of  n 
screws,  and  let  it  receive  any  twist  about  each  of  them,  its  final 
position  could  have  been  reached  by  a  twist  round  some  screws  which 
is  merely  one  of  an  infinite  number  about  which  it  is  possible  for 
the  body  to  twist.  All  these  screws  together  with  the  original  n 
screws  is  called  a  screw  complex  of  the  nth.  order;  and  if  a  body  can- 
not be  twisted  about  any  screw  but  one  belonging  to  this  complex, 
it  is  said  to  have  freedom  of  the  nth  order.  It  is  to  be  observed 
that  n  cannot  exceed  six  ;  so  that  a  body  can  only  have  six  different 
orders  of  freedom.  Xow  if  we  suppose  a  screw  to  be  reciprocal  to 
n  of  the  screws  of  a  screw  complex  of  the  nth.  order,  it  will  be  re- 
ciprocal to  every  screw  of  the  complex.  And  all  these  screws  will 
form  the  reciprocal  screw  complex.  If  the  screw  complex  is  of  the 
nth  order,  the  reciprocal  screw  complex  is  of  the  (6  — n)th  order. 
Of  course,  if  the  freedom  of  the  body  is  expressed  by  any  assigned 
screw  complex,  that  body  will  remain  at  rest  when  acted  on  by  a 
wrench  round  any  screw  of  the  reciprocal  screw  complex. 

Consider,  for  instance,  the  case  of  the  equilibrium  of  a  body  which 
has  freedom  of  the  second  order.  In  this  case  the  body  is  free  to 
twist  round  two  screw^s  0  and  ^,  and  therefore  round  any  screws  of 
the  cylindroid  (0,  (f).  This  cylindroid  is  therefore  the  screw  complex 
of  the  second  order.  Through  each  point  of  space  (as  w'e  have  seen) 
a  cone  of  reciprocal  screws  can  be  drawn.  The  author  speaks  of 
each  of  these  cones  as  a  reciprocal  screw  complex  of  the  fourth 
order,  one  for  each  point  in  space ;  but,  of  course,  all  of  them  to- 
gether form  the  reciprocal  screw  complex  of  the  fourth  order  ac- 
cording to  the  definition  above  cited.  If  any  one  of  these  cones  is 
considered,  each  generating  line  has  its  own  proper  pitch,  and  the 
pitches  have  every  value  from  -|-  oo  to  —  oo  ;  so  that  one  screw  of 
given  pitch  belonging  to  a  screw  complex  of  the  fourth  order  can  be 
drawn  through  each  point  in  space.  Of  course  it  follows,  from  what 
has  been  stated  above,  that  if  a  body,  beiag  at  rest  and  having 
freedom  of  the  second  order,  receive  a  wrench  round  any  one  of 
these  screws,  it  will  remain  at  rest.  Suppose  a  force  P  to  act  on 
the  body  along  an  assigned  line  passing  through  a  given  point,  and 
let  the  pitch  proper  to  this  line  be  p  ;  the  body  will  continue  at 
rest  under  the  action  of  P  and  a  couple  which  has  a  moment 
P  p  and  acts  in  a  plane  at  right  angles  to  the  line.  Thus,  using 
the  same  axes  of  coordinates  as  in  equation  (4),  the  body  will  be 
at  rest  under  the  action  of  any  couple  whose  plane  is  parallel  to 
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that  of  .rv,  since  the  pitch  of  the  reciprocal  screw  iu  this  case  is 
infinite,  and  therefore  P  is  zero. 

We  hope  that  the  account  we  have  now  given  of  the  author's 
Theory  of  Screws,  so  far  as  it  goes,  will  be  intelligible  to  readers 
unacquainted  with  the  subject,  and  that  it  may  induce  some  of  them 
to  peruse  the  work  itself.  Our  limits  will  only  allow  us  to  add  that 
in  an  Appendix  of  sixteen  pages  Mr.  Ball  gives  an  account  of  the 
memoirs  bearing  on  the  subject  of  his  treatise. 


LYIII.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  POLAR  AURORAS.      BY  G.  PLANTE. 

"  IVfOTHING  should  be  neglected  that  can  induce  complete  con- 
-^^  viction,  in  the  theory  of  the  forces  of  nature,  and  enable  us  to 
pass  from  the  disquiet  of  investigation  to  the  security  of  known  truth. 
Should  wo  be  quite  sure,  for  example,  of  the  theory  of  the  rainbow, 
if  we  had  not,  by  spirting  drops  of  water  in  the  sunshine,  repro- 
duced in  all  its  details  that  brilliant  phenomenon  ?  The  experi- 
ments of  the  cabinet  are  modest,  but  useful,  and  therefore  valuable." 
These  words  of  an  illustrious  Member  of  the  Academy  encourage 
me  to  pursue  the  analogies  between  the  effects  of  electric  currents 
of  high  tension  and  the  grand  electrical  manifestations  of  nature. 
De  la  Eive's  experiment  has  already  brought  out  the  connexion  of 
the  polar  auroras  with  terrestrial  magnetism,  but  does  not  suffice 
to  explain  all  the  circumstances  accompanying  them.  In  the  ex- 
periments which  are  the  subject  of  the  present  memoir  the  electric 
flow  takes  place  in  the  presence  of  aqueous  masses,  as  in  the  atmo- 
sphere ;  and  hence  result  a  series  of  phenomena  altogether  similar 
to  the  various  phases  of  the  polar  auroras. 

1.  If  the  positive  electrode  of  the  powerful  secondary  battery 
which  I  employ  is  put  in  contact  with  the  moist  sides  of  a  vessel 
containing  salt  water  in  which  the  negative  electrode  is  previously 
immersed,  there  is  seen,  according  to  the  greater  or  less  distance 
of  the  liquid,  either  a  wreath  round  the  electrode  (fig.  1),  or  an  arc 
bordered  with  a  fringe  of  bright  rays  (fig,  2),  or  a  sinuous  line 
Fi?.  1.  Fiff.  2. 
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rapidly  folding  and  refolding  upon  itself  (fig.  3).     This  undulatory 
motion  perfectly  resembles  that  which,  in  the  aurora,  has  been  com- 


Fijr.  3. 

1 

1 

pared  to  the  beudiug  and  Avriggling  of  a  serpent  or  the  undulations 
of  drapery  agitated  by  the  \^aud. 

2.  Although,  in  consequence  of  the  employment  of  salt  water, 
yellow  light  predominates  in  these  exjjeriments,  purple  and  Adolet 
tints  similar  to  those  of  the  aurora  are  also  observed  at  the  parts 
where  the  water  from  the  condensed  vapour  is  less  charged  with 
salt. 

3.  The  rays  of  the  luminous  arc  arise  from  the  penetration  of  the 
electric  flow  into  the  liquid ;  aud  as  the  resulting  vacuum  is  filled 
up,  new  rays  are  formed :  thus  we  explain  how  it  is  that  the  jets 
of  light  of  the  aurora  dart,  or  appear  to  be  momently  shot  forth  and 
renewed. 

4.  The  dark  circle  or  segment  formed  in  the  aurora  by  the  mist 
or  nebulous  veil  encountered  by  the  electric  flow  corresponds  to  the 
humid  circle  or  segment  which,  in  the  experiment,  surrounds  the 
electrode,  aud  around  which  the  volraic  current  spreads. 

5.  The  form  of  an  arc  in  the  voltameter  results  from  the  liquid 
not  entirely  surrounding  the  electrode  ;  but  if  more  of  the  wire  be 
immersed,  luminous  waves  or  entire  circles  are  produced,  the  same 
as  in  the  auroras — of  which  the  arc  is  often  considered  to  be  the 
portion  visible  to  the  observer,  of  a  complete  luminous  circle. 

6.  The  liquid  is  violently  agitated  by  the  electric  blast ;  luminous 
vortices  and  rings  are  produced  by  the  shock  of  the  electrified  waves 
against  one  another ;  and,  finally,  if  the  operation  is  conducted 
with  only  a  smaU  quantity  of  liquid,  a  luminous  ebullition  is  pro- 
duced correspondmg  to  that  fluctuation  of  light  which  also  charac- 
terizes the  polar  auroras. 

7.  The  deeper  the  electrode  penetrates  into  the  liquid,  the  more 
briskly  and  abundantly  is  aqueous  vapour  liberated.  This  pheno^ 
menon,  of  which  the  most  powerful  batteries  of  static  electricity 
hardly  afford  a  suspicion,  is  important  for  consideration,  because 
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it  explains  naturally  the  ahinulunt  falls  of  rain  or  snow  which  have 
always  been  notieed  during  the  polar  auroras. 

8.  The  sound  that  aceouii)anies  these  experiments  corresponds 
to  that  which  has  often  been  heard  during  the  aurora  when  the 
distance  was  relatively  small ;  it  is  due  to  the  vaporization  pro- 
duced by  the  electric*  trails  of  lire  penetrating  a  liquid  mass. 

9.  The  magnetic  perturbations  caused  by  the  auroras  are  repi'O- 
duced  in  these  experiments,  on  placing  a  magnetized  needle  near 
the  circuit.  The  deviation  increases  or  diminishes  as  the  luminous 
arc  becomes  more  or  less  developed  in  the  liquid. 

10.  It  follows,  further,  from  these  facts  that  the  aurora  must 
be  produced  by  a  flow  oi  positive  e]ectrmty;  for  the  luminous  phe- 
nomena are  the  same  as  those  at  the  positive  electrode  in  the  volta- 
meter, and  the  negative  electrode  exhibits  nothing  similar. 

11.  But  are  the  polar  auroras  a  discharge  bet\\"een  the  positive 
electricity  of  the  atmosphere  and  that  of  the  earth  supposed  nega- 
tive ?  If  they  were  so,  we  ought  to  observe  very  frequent  falls  of 
lightning  at  the  poles,  or  gleams  or  luminous  tufts  on  the  project- 
ing parts  of  the  ground,  formmg  the  counterpart  of  the  phenome- 
non that  takes  place  in  the  an*.  Now  observation  shows  that  such 
is  not  the  case.  I  am  therefore  inclined  to  think  that  it  is  the  im- 
perfect vacuum  of  the  upper  regions  that,  acting  as  an  immense 
conductive  envelope,  plays  the  part  of  the  negative  electrode  in  the 
above  experiments,  and  that  the  positive  electricity  flows  off  towards 
the  planetary  spaces,  and  not  to  the  earth,  through  the  icy  mists 
or  clouds  which  float  above  the  poles. 

12.  As  to  the  origin  of  this  polar  electricity,  it  has  been  assumed 
that  it  comes  from  the  equator  and  the  tropical  regions.  But  it 
may  be  objected  that  the  electrified  clouds  must  discharge  them- 
selves during  so  long  a  journey  ;  and,  in  fact,  we  know  that  tem- 
pests are  rarer  and  rarer  in  proportion  as  we  get  nearer  the  poles. 
My  prenous  experiments,  and  others  not  yet  pubHshed,  having  led 
me  to  consider  the  heavenly  bodies  charged  with  positive  electricity 
(perhaps  the  only  sort  that  exists),  I  should  be  inclined  to  regard 
the  earth  itself  as  charged  v^ith  positive  electricity,  which  is  libe- 
rated from  the  land  and  sea  by  suuple  emission,  radiated  from  the 
whole  surface,  at  the  poles  as  at  the  equator,  producing  very  dif- 
ferent effects  in  the  atmosphere  in  consequence  of  the  diametrically 
opposite  meteorological  conditions  of  these  regions. 

Admitting  this  last  hypothesis,  one  might  conclude  that  the 
aurora  results  from  the  diffusion  in  the  upper  strata  of  the  atmo- 
sphere, around  the  magnetic  poles,  of  the  positive  electricity  ema- 
nating from  the  polar  regions  themselves,  either  in  obscure  radia- 
tions when  no  obstacle  is  interposed,  or  converted  into  heat 
and  light  bv  meeting  with  aqueous  masses  in  the  solid  or  liquid 
state,  which  it  vaporizes  with  a  noise,  and  reprecipitates  in  the  form 
of  rain  or  snow  at  the  surface  of  the  globe. — Comptes  Renchis  de 
VAcwIcmie  des  Sciences,  \o\.  Ixxxii.  pp.  62G-G29. 
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ON  STREAMS  FROM  GLACIERS.      BY  CHARLES  KNIGHT,  F.L.S. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal, 
Gentlemen,  Wellington  March  7,  1878. 

In  reference  to  Dr.  Pfaff's  experiments  on  the  plasticity  of  ice, 
is  the  following  extract  from  my  Address  to  the  Philosophical 
Society  of  Wellington  of  sufficient  interest  to  appear  among  the 
Miscellaneous  Articles  of  the  Magazine  ? 

•'  I  see  in  Geikie's  late  work,  '  The  Great  Ice  Age,*  that  reference 
is  made  to  the  fact  that,  from  the  foot  of  glaciers  in  Greenland, 
streams  of  water  issue  and  unite  to  form  considerable  rivers,  one  of 
which,  after  a  course  of  forty  miles,  enters  the  sea  with  a  mouth 
nearly  three  quarters  of  a  mile  in  breadth. 

"  This  flow  of  water,  Geikie  thinks,  probably  circulates  to  some 
extent  below  every  glacier ;  and  he  accounts  for  it  by  the  liquefaction 
of  ice  from  the  warmth  of  the  underlying  soil.  A  more  complete 
explanation  of  this  flow  of  water  from  glaciers  estimated  not  less 
than  3000  feet  thick  will  be  found  in  the  suggestion  first  made  by 
Professor  James  Thomson,  and  subsequently  proved  by  his  brother 
Professor  W.  Thomson,  that  the  freezing-point  of  water  is  lowered 
0°-23  Fahr.  for  each  additional  atmosphere  of  pressure.  Now  a 
sheet  of  ice  3000  feet  thick  is  equal  to  the  pressure  of  about  80 
atmospheres,  at  which  pressure  its  temperature  at  the  base  should 
not  exceed  13°  Pahr.  to  retain  the  solid  form.  In  the  state  of  run- 
ning water  beneath  the  glacier,  it  might  readily,  as  Geikie  states, 
absorb  heat  from  the  underlying  soil.  In  this  we  have  a  safe  as- 
surance that  glaciers  of  such  enormous  thickness  can  exist  only 
where  there  is  scarcely  any  or  no  inclination  of  the  land  to  the  sea 
board.  And  we  may  hesitate  to  adopt  with  Geikie  the  views  of 
the  Swiss  glacialists,  who  speak  of  sheets  of  ice  having  existed  in 
the  great  Ice  Age  not  less  than  3000  feet  thick,  overtopping  the 
Jura  and  stretching  continuously  from  the  Ehine  valley. 

"  Sheets  of  ice  3000  or  5000  feet  thick  may  exist,  but  not  at  the 
temperature  of  32°  Fahr.  throughout  the  whole  mass.  The  tempera- 
ture at  the  surface  may  be  32°  Fahr. ;  at  the  base  it  must  be  below 
13°  Fahr.  The  specific  heat  of  water  is  far  greater  than  that  of  ice. 
One  pound  weight  of  ice  at  32°  Fahr.  mixed  with  one  pound  of  boiling 
water  gives  2  lbs.  of  water  at  51°  Fahr. ;  so  that  71  degrees  of  heat 
are  lost  in  the  mere  conversion  of  ice  into  water.  Thus  every  pound 
of  ice  converted  by  pressure  into  water  demands  a  large  supply  of 
caloric  as  a  necessity  of  its  change  of  condition,  and  absorbs  it 
instantly  from  the  ice  above.  The  ice  in  immediate  contact  with 
the  layer  of  water,  hardened  by  loss  of  caloric,  now  robs  the  ice 
above  of  caloric,  and  again  softened  can  no  longer  bear  the  pressure, 
and  in  its  turn  -flows  away  as  water  ;  and  so  the  process  goes  on, 
until  a  regular  gradation  of  temperature  is  established  throughout 
the  mass,  and  an  equilibrium  formed  between  the  forces  by  which 
the  sheet  of  ice  maintains  a  fixed  altitude.  No  column  of  ice  3000 
feet  in  height  can  maintain  that  elevation  for  an  indefinite  time, 
unless  the  temperature  of  the  air  is  much  lower  than  3li°  Fahr.,  and 
the  loss  from  liquida^-ion  beneath  constantly  supplemented  by  re- 
newed accumulations  above." 
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LIX.  The  Formation  of  Meteorites,  and  Volcanic  Agency, 
By  Prof.  G.  TsCHERMAK,  Director  of  the  Imperial  Minera- 
logical  Museum  of  Vienna  *. 

THE  researches  of  Howard,  Klaprotli,  Vaiiquelin,  and 
Berzelius  on  the  elementary  composition  of  many  speci- 
mens of  meteorites  proved  that  the  matter  of  which  thej  are 
constituted  is,  generally  speaking,  such  as  occurs  in  greater 
abundance  in  the  crust  of  our  globe.  Before  then  Chladni 
had  established  the  ]danetary  nature  of  these  remarkable 
masses. 

From  these  results  taken  togfether  it  mav  be  assumed  that 
the  other  heavenly  bodies  are  built  up  of  tiie  same  materials 
as  those  composing  our  globe.  But  this  assumption  has  be- 
come a  certainty,  as  regards  the  central  body  of  our  system, 
from  the  spectroscopic  investigation  of  the  light  of  the  sun, 
initiated  by  Kirchhotf  and  Bunsen,  while  the  observations  of 
Secchi,  Huggins,  and  Miller  on  the  spectra  of  the  fixed  stars 
render  it  highly  probable  that  the  universe  is  formed  of 
similar  elementary  materials. 

Our  conception  of  the  material  nature  of  the  heavenly 
bodies  is  founded  on  the  analysis  of  meteorites ;  and  accord- 
ingly a  study  of  the  form  of  meteorites  is  likely  to  afford  some 
insight  as  regards  the  antecedents  of  the  star-masses  whence 
they  are  derived,  and  the  changes  which  they  have  undergone. 

The  external  form  of  meteorites  is  remarkable  in  many 
respects.  Hitherto  but  little  attention  has  been  directed  to 
the  very  curious  fact  that  meteorites  reach  us  in  the  shape  of 
fragments.     It  is  well  known  that  any  one  who  has  merely 

*  Translated  from  the  Sitzunr/sher.  der  k.  AJcademie  der  Wissenschaften, 
vol.  Ixxi.  p.  661,  by  Dr.  Walter  Flight,  of  the  Mineral  Department, 
British  Museum. 
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read  of  the  planetary  nature  of  meteorites,  experiences  no 
little  astonishment,  on  inspecting  a  collection  of  them,  to  find 
that  they  are  not  rounded  as  the  planets  are,  but  are  angular, 
often  exhibit  sharp  edges,  and  possess,  even  in  their  interior, 
no  concentric  structure. 

Haidinger,  -who  examined  -with  much  care  the  surfaces  of 
meteorites,  arrived  at  the  conviction  that  their  dark-coloured 
crust  and  the  rounded  nature  of  their  edges  were  not  original 
characteristics,  but  that  the  thin  criist  was  developed  during 
transit  through  the  atmosphere,  the  sharpnesSvof  the  edges 
being  at  the  same  time  abraded.  A  meteorite,  in  short,  before 
entering  the  atmosphere  possesses  an  angular  form;  the  greater 
number  are  acutelv  angular.  The  faces  of  the  anovular  masses 
are  surfaces  of  fracture ;  each  meteorite  is  a  fragment,  and  in 
fact  owes  its  form  to  the  disruption  of  a  larger  mass. 

Any  collection,  in  which  complete  meteorites  are  preserved, 
will  furnish  examples  which  conclusively  demonstrate  this 
fact ;  and  among  the  specimens  at  Vienna  attention  may 
especially  be  directed  to  the  meteoric  iron  of  Agram,  that  of 
Ilimae,  and  the  stones  of  Knyahinya,  Seres,  Lance,  Chan- 
tonnay,  Orvmio,  Tabor,  Pultusk,  Stannern,  and  others.  The 
external  form  of  these  and  other  meteorites  bears  no  relation 
whatever  to  the  constitution  of  their  interior  ;  it  is  pin-ely 
accidental. 

It  may  perhaps  be  maintained  that  the  disruption  took 
place  in  the  atmosphere ;  and  there  are  unquestionably  a  few 
instances  where  an  inspection  of  the  crust  shows  that  the 
meteorite  had  been  sundered  during  its  flight  through  the 
atmosphere  ;  the  fact,  however,  remains  that  meteorites  enter 
our  atmosphere  in  the  foi-m  of  fragments.  After  the  aerolitic 
fall  which  took  place  near  Butsura,  India  (May  12th,  1861), 
five  fragments  were  discovered,  some  of  them  as  much  as  six 
miles  apart ;  by  fitting  these  pieces  together  Maskelyne  was 
able  to  reconstruct  in  London  the  meteorite  in  the  form  which 
it  originally  boi-e,  and  which  appears  to  have  been  that  of  a 
comparatively  thin  slab  someAvhat  bent.  The  irregular  heating 
to  which  such  a  body  would  be  subjected  during  its  fall  would 
lead  to  its  disruption.  With  this  example,  it  is  scarcely  ne- 
cessary to  direct  attention  to  other  cases  which  establish 
the  fact  that  meteorites  when  they  enter  our  atmosphere  do 
not  have  the  rounded  form  of  planetary  bodies. 

Meteorites,  then,  always  reach  us  in  the  shape  of  fragmentsj 
as  flattened  masses,  or  as  fine  particles,  which  have  their  origin 
in  one  or  more  larger  j^lanetary  masses.  Whether  the  source 
be  one  or  many,  the  dimension  of  this  mass  or  these  masses 
must  have  been  not  inconsiderable. 
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The  greater  number  of  meteoric  irons  exhibit  a  structure 
which  indicates  that  each  lias  formed  part  of  a  large  mass 
possessing  similar  crystalline  characters.  The  formation  of 
large  masses  so  constituted,  prcsu])poses,  as  Haidingor  has 
pointed  out,  long  intervals  of  time  for  tranquil  crystallization 
at  a  uniform  temperature  ;  and  these  conditions  could  only 
prevail  on  one  of  the  larger  cosmical  masses.  On  the  surfaces 
of  many  meteorites  (such  as  the  Chateau-Renard,  Pultusk,  and 
Alessandria  ones)  indications  resembling  in  every  particular 
the  "  slide  "  or  "  throw  "  of  terrestrial  rocks  are  to  be  met 
with,  appearances  which  indicate  the  disruption  or  disloc;ition 
of  larger  masses.  Other  meteorites,  like  those  of  Tula,  Chan- 
tonnay,  Orvinio  and  AVeston,  are  congeries  of  angular  frag- 
ments, and  correspond,  as  regards  structure,  with  terrestrial 
breccias.  Many  stones,  moreover,  are  formed  of  very  small 
fragments,  of  tiny  splinters,  and  resemble  volcanic  tuffs.  These 
characters,  again,  point  to  larger  cosmical  masses  which  have 
undergone  mechanical  changes  as  the  source  whence  they 
have  been  derived. 

So  far,  then,  it  would  appear  that  the  material  of  which 
meteorites  consist  has  been  furnished  bv  one  or  more  large 
masses,  the  formation  of  which  must  have  occupied  a  long 
period  of  time.  The  question  which  therefore  suggests  itself 
is,  How  is  the  process  of  disintegration  to  be  accounted  for  ? 
This  Daubree  endeavoured  to  solve,  and  arrived  at  the  alter- 
native that  disintegration  must  be  the  effect  either  of  impact 
or  explosion  *. 

The  idea  that  the  smaller  planetary  bodies  were  formed  by 
the  impact  and  disruption  of  larger  cosmical  masses  was  pro- 
pounded by  Olbers  t  to  account  for  the  existence  of  the  aste- 
roids ;  and  D'Arrest  and  C.  von  Littrow  have  in  more  recent 
times  established,  by  careful  calculation,  the  possibility  of  the 
impact  of  these  bodies  actually  taking  place. 

By  the  imjjact  of  two  solid  cosmical  masses,  moving  Avith 
planetary  velocity,  fusion,  perhaps  CA-en  vaporization,  would 
occur  over  the  area  of  contact!;   disintegration,  moreover, 

*  G.  A.  D&vAiVQe,  Journal  des  Savants,  1870. — Meunier  {Geologje  Com- 
puree,  290)  seeks  to  escape  from  this  dilemma  by  supposing  a  spon- 
taneous disruption  of  the  planetary  mass  to  have  taken  place  in  much  the 
same  way  as  a  disk  of  clay  crumbles  on  di-ying.  Even  if  we  allow  this 
explanation  to  be  a  possible  one,  the  further  difficulty  presents  itself,  that 
the  fragments  would  continue  to  traverse  one  and  the  same  orbit,  which, 
with  the  meteorites,  we  know  is  not  the  case. 

t  Zach,  Moyiatl.  Correspondenz,  vol.  vi.  p.  88. 

X  A  cosmical  mass  possessing  a  velocity  of  three  geographical  miles, 
and  by  impact  with  another  mass  being  brought  to  a  state  of  rest,  would, 
on  the  supposition  that  all  the  vis  viva  was  converted  into  heat  and  none 
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would  be  a  result ;  the  fragments  would  be  sundered  with 
great  violence,  and  would  acquire  velocities  in  several  direc- 
tions. The  formation  of  meteorites  may  thus  be  explained  ; 
Ave  must,  however,  not  lose  sight  of  the  fact  that  during  such 
a  disruption  large  fragments,  as  well  as  small,  would  be  pro- 
duced. Meteorites,  however,  are  always  small  masses.  The 
largest  known  are  the  meteoric  stone  of  Knyahinya,  in  the 
Vienna  Collection,  which  weighs  2U4  kilog.,  and  the  meteoric 
iron  of  Cranbourne,  preserved  in  the  British  Museum,  and 
weighing  3700  kilog.  Most  of  them  are  of  far  less  magnitude  ; 
and  a  stone  of  5  kilog.  is  accounted  a  large  meteorite. 

All  these  masses,  even  the  largest,  are  but  tiny  splinters  or 
fine  dust  in  comparison  with  a  very  small  planet  of  only  a 
mile  diameter.  Were  the  latter  divided  into  a  million  equal 
parts,  one  of  them  would  be  250,000  times  the  size  of  the 
Knyahinva  stone,  and  10,000  times  as  large  as  the  Cran- 
bourne meteoric  iron. 

It  appears,  therefore,  to  be  highly  improbable  that  meteorites 
owe  their  form  to  the  disruption,  by  impact,  of  planetary 
masses  ;  it  is  much  more  probable  that  a  disintegration,  even 
to  the  smallest  particles  (what  may  be  termed  a  pulverization), 
has  been  brought  about  by  a  force  acting  from  within  out- 
wards— in  short,  by  an  explosion. 

Explosion  is  a  violent  process,  and  may  appear  to  clash 
with  our  ideas  of  gradual  cosmical  development ;  yet  it  is  not 
more  violent  than  the  movements  observed  on  the  surface  of 
the  sun,  or  those  of  the  comets,  whether  observed  or  calculated. 
The  explosive  upheavals  on  the  sun  observed  by  Zollner, 
Youno-,  and  Respighi,  the  cyclonic  movements,  as  determined 
by  Lockyer,  proceed  at  far  greater  velocities  than  have  ever 
been  observed  in  the  case  of  terrestrial  explosions. 

Again,  the  sudden  blazing-forth  of  certain  stars  is  evidence 
of  the  activity  of  some  vast  force,  which  Mayer  traced  to  the 
impact  of  fixed  stars  and  their  union  after  fusion.  The  ema- 
nations observed  in  comets  by  Schmidt  take  place  with  a 
vigour  which  also  implies  very  rapid  movement.  There  is 
nothing  in  any  of  these  phenomena  at  all  at  variance  Avith 
the  assumption  of  an  explosion  or  pulverization  of  a  cosmical 
body.  Whether  the  cosmical  mass  or  masses  which  have  fur- 
nished the  meteorites  are  to  be  ranked  with  the  fixed  stars, 


of  the  heat  dissipated,  develop  for  each  unit  of  weight  59630  units  of 
heat.  If  we  assume  one  half  the  heat  to  be  lost  by  radiation  and  con- 
duction, and  the  specific  heat  of  a  meteoric  stone  to  be  five  tinies  as  great 
as  it  is  (that  is  to  say,  as  =  1),  in  order  to  compensate  for  the  increase  of 
specific  heat  with  the  temperature  and  for  the  heat  of  fusion,  the  rise  of 
temperature  would  still  be  =  29800°  C. 
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the  planets,  or  the  comets,  the  inference  which  we  need  not 
hesitate  to  draw  in  either  case  is,  that  the  masses  in  question 
have  been  disintegrated  b}^  explosion. 

Here,  however,  we  have  to  meet  the  sanu;  objection  as  in 
the  theory  of  disinteoration  by  impact.  A\'hen  a  cosmical 
body  of  considerable  magnitude,  whether  solid  or  in  part  fluid, 
is  sundered  by  explosion,  ther(>  will  be  produced,  in  addition 
to  the  numberless  small  fragments,  large  masses  also,  which 
become  meteorites,  and  set  out  in  various  orbits.  We  must 
not,  however,  lose  sight  of  the  fact  that  meteorites,  as  we  know 
them,  are,  comparatively  speaking,  very  small  bodies  ;  and  for 
this  reason  we  cannot  support  the  view  that  the  complete 
breakinsf  asunder  of  the  mass  had  occurred  at  a  siufrle  ex- 
plosion.  But  the  disintegration  of  such  a  cosmical  mass  may 
be  gradual.  In  place  of  a  single  explosion,  we  can  conceive 
a  succession  of  them  hurling  portions  of  the  surface  into 
space.  Such  an  occurrence  may  take  place  on  any  cosmical 
mass  on  which  volcanic  agencies  may  be  active,  and  the  mass 
yet  be  so  small  that  its  gravitating  power  is  insufficient  to 
attract  again  to  its  surface  all  the  fragments  which  have  been 
hurled  from  it. 

Such  considerations  recall  to  mind  the  views  long  since 
propounded  by  Olbers,  Arago,  Laplace,  Berzelius,  and  others, 
and  recently  put  forth  by  Dr.  Lawrence  Smith,  according 
to  which  the  moon,  the  gravitating  force  of  which  is  one 
sixth  that  of  the  earth,  could  propel  fragments  to  such 
distances  that  they  would  not  return  to  her.  The  possibility 
of  such  an  occurrence  in  the  case  of  the  moon  cannot  be  gain- 
said ;  the  lunar  surface  covered  ^vith  its  numerous  crater- 
mounds  shows  that  the  greater  portion  of  the  ejected  masses 
have  descended  again  to  form  the  stony  ramparts  surrounding 
the  crater-mouths,  and  that  even  under  the  most  favourable 
conditions  only  few  fragments  have  been  scattered  into  space. 
When  the  amount  of  meteoric  matter  which  reaches  our 
earth  annually  is  considered,  such  a  source  as  the  one  in 
question  appears  to  be  too  insignificant.  The  meteorites  reach 
us  from  such  a  variety  of  directions,  and  fall  so  frequently, 
that  we  must  seek  for  a  more  general  cause,  lying  not  in  the 
moon  alone,  nor,  in  short,  in  any  single  member  of  the 
system  of  heavenly  bodies. 

Li  a  number  of  cosmical  bodies,  then,  of  considerable  di- 
mension, yet  sufficiently  small  to  be  unable  to  attract  again 
to  their  surface  fragments  hurled  from  them  by  explosion, 
it  is  possible  to  conceive  the  conditions  under  which  meteor- 
ites are  fashioned.  It  is  highly  [)robable  that  small  star- 
masses  of  such  a  kind  may,  during  a  certain  period  of  their 
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existence,  exhibit  violent  explosive  activity,  if  we  may  judge  by 
analogy  from  the  moon,  which  has  passed  through  a  stage  of 
much  more  intense  ■\olcanic  activity  than  we  have  any  ex- 
perience of.  Such  smaller  star-masses  continue  to  lose  in  mass 
by  constant  projection  of  fragments,  until  at  last  they  them- 
selves are  resolved  into  small  portions,  and  traverse  the  universe 
in  oi'bits  of  the  most  varied  kind. 

We  might  feel  inclined  to  recognize  in  the  comets  the 
debris  of  such  small  star-masses,  and  to  detect  in  their  emana- 
tions the  last  phase  of  that  activity  which  we  have  described. 
That,  however,  is  beyond  our  province  ;  and  it  must  be  left  to 
those  investigators  Avho  deal  with  the  question  of  the  nature 
of  comets  to  decide  whether  the  observations  already  made  are 
calculated  to  establish  such  a  connexion*. 

It  will  suffice  here  to  have  shown  that  the  form  of  meteorites 
may  be  assumed  to  be  due  to  violent  movements  of  the  ori- 
ginal star-mass  acting  from  the  interior  towards  the  surface. 
Similar  movements  are  at  present  taking  place  on  the  earth 
and  on  the  sun,  while  at  an  earlier  period  it  was  by  such  move- 
ments that  the  craters  of  the  lunar  surface  were  built  up. 
On  different  star-masses  the  cause  of  these  movements  may 
be  different ;  and  so  long  as  the  cause  is  in  any  instance  un- 
known it  is  permissible  to  term  all  these  movements  volcanic. 

Whether  the  action  be  simply  explosive,  hurling  upward 
the  solid  rock  of  the  surface,  or  at  the  same  time  also  erup- 
tive, as  on  the  earth,  ejecting  matter  from  the  interior,  in 
either  case  a  difference  will  be  observed  between  the  crust 
and  the  nucleus  of  the  rock.  As  meteorites  reach  us  in  the 
form  of  angular  fragments,  it  follows  that  the  star-mass  whence 
they  are  derived  must  have  possessed  a  solid  crust ;  further, 
we  must  conclude  that  the  interior  was  either  not  solid,  or  had 
an  altogether  different  constitution. 

Guided  by  their  form  we  might  trace  the  origin  of  meteor- 
ites to  smaller  star-masses,  constituted  similarly  to  our  earth, 
which  by  volcanic  activity  have  been  gradually  reduced  to 
fragments.  The  texture  of  the  meteoric  rock  carries  us  a 
step  further  towards  obtaining  a  glimpse  at  the  history  of  the 
star-mass  before  its  disintegration. 

It  has  already  been  stated  that  the  constitution  of  many  of 

*  There  are  many  who  trace  a  connexion  between  the  meteorites  and 
the  shooting-stars  because  the  atmospheric  phenomena  in  each  case  are 
almost  entirely  the  same.  As  the  connexion  between  the  comets  and  the 
shooting-stars  had  been  discovered  and  explained  by  Schiaparelli,  a  rela- 
tion between  the  comets  and  the  meteorites  followed  as  a  matter  of  course. 
A  difficulty,  however,  is  presented  by  the  fact  that  the  maxima  of 
frequency  of  stai'-showers  in  no  way  accord  with  the  most  abimdant 
aerolitic  falls. 
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the  meteorites  shows  that  they  are  the  result  of  a  gradual 
tranquil  crystallization,  while  others,  on  the  contrary,  are 
composed  of  fragments,  and  are  the  product  of  disintegrating 
forces.  The  majority  are  made  Tip  of  minute  flakes  and 
splinters  and  of  rounded  granules. 

Haidingerwas  the  first  Avho  ventured  to  compare  the  porous 
masses,  made  up  of  rock-dust,  with  the  triturated  and  pul- 
verized products  of  terrestrial  volcanoes,  and  to  term  them 
meteoric  tuffs.  The  marked  preponderance  of  this  structural 
character  in  meteorites  shows  that  in  the  star-masses  whence 
th(\v  were  derived  a  state  of  quiescence  must  have  been  of 
nmch  rarer  occurrence  than  one  of  volcanic  activity. 

In  the  tufaceous  meteorites  a  characteristic  feature  presents 
itself  which  throws  considerable  difficulties  in  the  way  of  our 
explanation,  a  phenomenon  which  is  not  observed  in  so  marked 
a  degree  in  the  tuffs  of  our  volcanoes.  It  is  the  occurrence  in 
great  abundance  of  minute  rounded  particles  and  spherules 
which  at  once  arrest  the  attention  of  the  observer.  They 
characterize  all  tufaceous  meteoric  stones  which,  as  already 
stated,  constitute  the  largest  class  of  these  bodies,  and  which 
were  termed  by  Rose  "  chondritic." 

These  spherules  present  the  following  features,  which  suffice 
to  enable  us  to  recognize  their  mode  of  formation  * : — 

1.  They  are  imbedded  in  a  matrix  consisting  of  fine  or 
coarse  splinter-like  particles. 

2.  They  are  invariably  larger  than  these  particles. 

3.  They  are  always  distinct  indi^^duals,  never  merging  into 
each  other  or  joined  together. 

4.  They  are  quite  spherular  when  composed  of  a  tough 
mineral,  and  in  other  cases  merely  rounded  in  form. 

5.  They  consist  sometimes  of  one  mineral,  sometimes  of 
several  minerals,  but  always  of  the  same  material  as  the 
matrix. 

6.  The  structure  of  the  interior  of  a  spherule  is  in  no  way 
related  to  its  external  form.  They  are  either  fragments  of  a 
crystal,  or  have  fibrous  structure  (the  fibres  taking  an  oblique 
direction  towards  the  surface),  or  have  irregularly  barred 
structure,  or  they  are  granular. 

These  chondra  bear  no  indications  of  having  obtained  their 
spherular  form  by  crystallization,  and  cannot  be  classed  with 
spherolitic  obsidian  or  perlite,  the  spherules  of  orbicular  diorite, 
or  the  rounded  concretions  of  calcite,  aragonite,  or  marcasite. 

*  Drawings  of  these  spherules  are  given  in  the  papers  by  Tschermak 
on  the  Gopalpiu"  meteorite  (Sitzungsb.  Ak.  Wish.  Wien,  Ixv.  122)  and  on 
the  Orvinio  meteorite  {Sitznngsh.  Ak.  Wiss.  Wien,  Ixx.  Abth.  i.),  and  that 
by  Von  Drasche  on  the  Lanc^  stone  (Mitieraloffische  Mitt.  187o,  i.). 
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They  resemble  rather  the  spherules  which  are  frequently  met 
"Nvith  in  our  volcanic  tuffs,  such  as  the  chonclra  of  the  trachyte 
tuff  of  (jleichenborg,  those  of  the  basalt  tuff  of  the  Venusberg, 
near  Freudonthal,  and  n\oro  especially  the  spherules  of  olivine 
of  Kapfenstein  and  Feldbach  in  Styria. 

As  regards  the  last-mentioned  chondra*,  Ave  know  them  to 
be  the  result  of  volcanic  trituration,  and  to  owe  their  form  to  a 
prolonged  explosive  activity  in  a  volcanic  "  throat,"  where  the 
older  rocks  have  been  broken  up  and  the  tougher  particles 
have  been  rounded  by  continued  attrition. 

The  characters  of  the  meteoric  chondra  indicate  throughout 
a  similar  mode  of  formation  |.  We  may  at  any  rate  conceive 
the  rock-masses  Avhich  suffered  trituration  to  have  possessed 
a  somewhat  soft  texture,  and  thus  arrive  at  an  approximation 
to  Daubree's  view$  of  a  rock -mass  which  assumed  a  solid 
form  while  rotating  in  a  gaseous  medium  ;  it  is  certain,  in 
short,  that  the  spherules  are  the  result  of  trituration. 

The  spherules  are  sometimes  microscopically  small,  have 
sometimes  the  size  of  a  millet-seed  ;  others  may  be  as  large 
as  a  cheiTy  or  a  small  hazel-nut;  but  they  are  not  numerous. 
The  tufoceous  chondra  of  our  A^olcanic  rocks  vary  in  size  from 
that  of  a  hazel-nut  to  that  of  a  head.  If  from  this  disparity 
we  may  form  any  conception  of  the  different  magnitudes  of 
the  areas  of  activity  in  which  they  have  been  produced,  we 
must  seek  in  numerous  minute  volcanic  fissures  for  the  source 
of  the  meteoric  tuffs. 

The  latter  are  peculiarly  characterized  as  containing  no 
trace  of  a  slag-like  or  vitreous  rock,  nor  enclosing  distinct 
crystals  in  the  matrix  ;  in  short  they  exhibit  nothing  which 
their  formation  from  lava  would  lead  us  to  look  for.  All  that 
is  to  be  seen  in  them  is  the  triturated  product  of  a  crystalline 
rock. 

Some  of  the  tufaceous  meteorites  bear  evidence  of  a  later 
modification  wrought  by  heat :  such  are  the  stones  of  Tadjera 
and  Belgorod  §.  Others,  again,  exhibit  phenomena  which 
can  only  be  explained  on  the  theory  of  their  having  under- 
gone a  chemical  change  subsequent  to  their  formation.  We 
not  unfrequently  find,  for  example,  in  the  meteorites  of  Mezo- 
Madaras  and  Knyahinya  concentric  aggregations  of  n^etallic 

*  They  must  not  be  confounded  with  the  volcanic  bombs  which  are 
composed  oi'  lava. 

t  Reichenbacli  considered  the  chondra  to  be  small  meteorites.  Here, 
however,  the  aim  is  merely  to  form  a  conception  of  a  planetary  form 
of  meteorites. 

X  G.  A.  Daubree,  Jovrnal  des  Savants,  1870,  38. 

§  Sitzunysh.  Akad.  Wiss.  Wien,  vol.  Ixx.  Abth.  i.  November  Ileft. ;  and 
S.  Meunier,  Coynjit.  Bend.  vol.  Ixxii.  p.  339. 
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iron  enclosing  tlio  cliondra,  which  in  a  microscopic  section  of 
the  stone  present  much  the  siime  appearance  as  the  halo  sur- 
rounding the  lunar  disk  ;  similar  aj)pearances  are  likewise 
to  be  often  observed  in  the  spherule  itself.  All  tufaceous 
meteorites  have,  disseminated  tliroughout  their  mass,  innume- 
rable minute  spangles  of  nickel-iron.  These  phenomena  pre- 
mise the  reducing  action  of  a  gas  ;  and  Daubree  assumes  that 
hese  changes  have  been  wrought  by  hydrogen.  The  dis- 
covery of  hydrogen  in  the  Lenarto  meteoric  iron  by  Graham, 
and  the  fact  of  the  presence  of  hydrogen  in  the  sun,  established 
by  Kirchhotf,  support  this  view.  An  exposure  to  high  tem- 
peratures in  such  a  case  is,  of  course,  likewise  assumed. 

Distinct  evidence  of  such  exposure  is,  moreover,  to  be  met 
with  in  the  case  of  meteorites  which  consist  of  fragments 
cemented  together  with  material  of  similar  composition  to 
those  fragments,  as  in  the  case  of  the  stones  of  Orvinio  and 
Chantonnay  *.  Still,  with  the  many  proofs  which  we  possess 
of  the  action  of  heat,  we  have  not  yet  met  'svith  a  meteorite 
which  resembles  a  volcanic  slag  or  a  lava.  Althouorh  the 
meteorites  are  comparable  to  volcanic  tuffs  and  breccias,  this 
comparison  cannot  be  extended  beyond  a  certain  point.  The 
volcanic  activity,  of  which  the  meteorites  furnish  evidence,  con- 
sisted in  the  disintegration  of  solid  rock,  in  the  modification, 
by  heat  and  otherwise,  of  already  solidified  masses.  Outflows 
of  lava,  and  ejection  of  lava-glass  and  crystals,  which,  as  Zirkel 
has  shown,  form  volcanic  ash,  have  not  taken  place  in  the  case 
in  question. 

It  is,  then,  by  explosive  activity,  and  that  alone,  that  the 
breccias  and  tufts  which  we  find  in  meteorites  have  been 
formed.  We  are  here  forcibly  reminded  of  a  similar  terres- 
trial phenomenon  with  which  most  are  familiar,  since  in  the 
"  Maars  "  of  the  Eifel  we  have  what  must  rightly  be  regarded 
as  craters  of  exj)losion,  and  a  proof  that  our  earth  also  can 
furnish  an  instance  of  volcanic  explosive  activity  without 
eruption  of  lava. 

The  question  which  still  has  to  be  considered  is,  What  is 
the  cause  of  that  volcanic  activity  which  has  subjected  the  rock 
forming  the  surface  of  such  a  star-mass  to  disintegration  and 
trituration,  and  by  which  the  entire  mass  of  a  heavenly  body 
mav  graduallv  be  reduced  to  fragments  ? 

The  question  does  not  limit  itself  to  what  we  have  dwelt  on, 
but  embraces  a  general  consideration  of  cosmical  volcanic 
agency.  Both  on  the  sun  and  on  our  earth  it  is  by  means  of 
gases  and  vapours  that  volcauic  energy  is  transmitted.  On 
the  moon  we  find  no  traces  of  an  atmosphere,  which  it  would 
*  Sitzber.  Akad.  Wiss.  Wien,  vol.  Ixx.  Abtli.  i.  November  Heft. 
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probably  have  possessed  if  the  lunar  craters  had  been  formed 
by  gaseous  explosion.  In  view  of  this  difficulty  a  suggestion 
has  been  put  forth  in  a  recently  published  work  *,  that  the 
volcanic  activity  on  the  lunar  surface  has  been  due  to  expan- 
sion attending  solidification.  Were  this  a  correct  interpreta- 
tion, it  would  equally  follow  that  during  the  freezing  of 
water,  which  also  expands  on  becoming  solid,  eruptive 
phenomena,  accompanied  by  the  formation  of  craters,  Avould 
certainly  be  occasionally  observed  ;  but  such,  it  need  hardly 
be  stated,  are  unknown.  It  appears  to  us,  however,  that  the 
difficulty  which  would  be  disposed  of  by  such  an  hypothesis 
has  never  actually  been  presented.  It  cannot  have  been  by 
means  of  permanent  gases  alone  that  the  volcanic  changes  on 
the  moon  have  been  brought  about ;  and  if  vapours  took  part  in 
these  operations  they  must  have  been  subsequently  absorbed  bv 
the  rocks  forming  the  lunar  surface.  We  have,  however,  thus  far 
not  been  driven  to  have  recourse  to  Samann's  theory  f,  accord- 
ing to  which  the  surface  of  the  moon  was  at  an  earlier  epoch 
covered  with  water  which  has  subsequently  been  absorbed. 
We  shall  defer  the  examination  of  this  subject  to  a  later 
occasion. 

All  these  considerations,  then,  have  led  us  to  the  conclusion 
that  volcanic  agency,  resulting  in  the  disintegration  and  dis- 
tribution of  rocky  masses  in  space,  is  inconceivable  without  the 
simultaneous  action  of  gases  or  vapours,  or  of  perhaps  both. 
From  this  it  follows  as  a  direct  inference  that  the  explosive 
activity,  to  the  existence  of  which  meteorites  bear  evidence, 
is  due  to  the  sudden  expansion  of  gases  or  vapours,  among 
which  hydrogen  may  have  been  a  prominent  agent. 

The  conclusions  arrived  at  from  the  careful  investigation  and 
comparison  of  meteorites,  confirm  the  results  obtained  during 
the  last  few  years  by  students  of  geology  and  astronomical 
physics.  The  volcanic  activity  of  which  those  mysterious 
masses  of  stone  and  metal  are  evidence  may  be  compared  to 
the  violent  movements  on  the  solar  surface,  the  more  feeble 
action  of  our  terrestrial  volcanoes,  or  the  stupendous  erup- 
tive phenomena  of  which  the  lunar  craters  tell  the  history. 

No  one  who  at  this  juncture  bears  in  mind  Kant's  theory 
of  the  homogeneous  development  of  stellar  masses,  can  fail  to 
be  struck  with  the  idea  that  the  heavenly  bodies  already 
alluded  to  are  not  the  only  masses  which  have  undergone 
these  changes,  but  will  rather  incline  to  the  opinion  that 
volcanic  activity  is  a  cosmical  phenomenon  in  the  sense  that 

*  Nasmyth  and  Carpenter,  '  The  Moon '  (Loiulon,  1S74),  p.  98, 
t  Siimann,  Bull.  Soc.  Geol.  [2]  xviii.  322. 
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all  star-masses  at  a  stage  of  their  developincnt  exhibit  a  phase 
of  volcanic  activity.  And  it  is  possible  that  during  this  period 
many  of  those  masses  which  are  of  comparatively  trifling 
magnitude  may  have  been  partially  or  wholly  broken  up  and 
resolved  into  small  fracnients. 


LX.   On  the  Nehular  Hi/pothesis. — II.  Interaction.    By  Pliny 

Earle  Chase,  Professor  of  Philosophi/  in  Ilaverford  College. 

[Continued  from  p.  319.] 

THE  tendency  of  vibrations  in  elastic  media  to  produce  har- 
monic vibrations,  combined  with  the  tendency  to  geo- 
metrical and  harmonic  as  well  as  to  arithmetical  progressions, 
should  prepare  us  to  look  for  relations  of  various  complexity 
when  Ave  study  the  mutual  actions  and  reactions  of  planetary 
masses. 

The  triangular  numbers,  1,  1  +  2,  1  +  2  +  3,  1  +  2  +  3  +  4,  ap. 
pear  as  indices  in  the  following  equation  among  powers  of  the 
masses  of  the  five  principal  bodies  in  the  solar  system  : — 


(lyx  (ir  >'(iy=a)^ 


This  appears  to  be  the  first  equation  ever  discovered  which 
introduces  the  products  of  powers  of  masses  m  so  systematic 
a  form*.  Although  its  full  interpretation  may  be  at  present 
beyond  our  reach,  we  can  catch  glimpses  of  its  meaning,  and 
we  may  feel  a  reasonable  assurance  that  it  represents  some  im- 
portant functional  law  of  equilibrating  tendencies  between 
centripetal  and  centrifugal  forces.  The  truth  of  the  equation 
is,  of  course,  independent  of  any  assumption  with  regard  to  the 
proper  unit  of  comparison;  but  the  dominance  of  the  solar  influ- 
ence lends  interest  to  the  sesthetic  harmony  afforded  by  its  intro- 
duction. This  interest  is  increased  by  the  accordance  between 
the  order  of  position  and  the  magnitude  of  the  indices  in  the 
left-hand  member  of  the  equation,  and  by  the  fact  that  the 
nebular  centre  of  planetary  inertia  (  s/Xmr^ -^^ynr)  is  in  Sa- 
turn's orbit. 

There  is  still  some  uncertainty  as  to  the  masses  of  !N^eptune 
and  Uranus;  so  that  it  is  impossible  to  tell  how  close  this  agree- 
ment may  be;  but  the  deviation  from  precise  accuracy  cannot 
be  large.     According  to  Newcomb's  latest  determinations  of 

*  Laplace,  however  (Mec.  Ccl.  II.  vol.  viii.  pp.  G5-69;  VI.  a'oI.  ii.  pp. 
12-10,  ifcc),  investigated  inequalities  dependinp-  on  .'squares  and  product.? 
of  the  disturbinp^  forces.  In  his  discussions  of  the  Jovian  and  Saturnian 
system.'^  lie  introduced  terms  containin'jf  the  third  and  fifth  dimensions  of 
eccentricities  and  inclinations. 
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those  masses*,  from  Neptune's  satellite  and  from  perturba- 
tions of  Uranus,  the  equation  gives  two  values  for  Saturn's 
mass,  one  of  which  is  sli olitly  larger,  the  other  slightly  smaller 
than  Bessel's  value.  There  are,  however,  other  relations  of  a 
similar  character  which  can  be  measured  with  great  accuracy. 

Laplace  found  that  if  the  mass  of  each  planet  be  multiplied 
by  the  product  of  the  square  of  the  eccentricity  and  the  square 
root  of  the  mean  distance,  the  sum  of  all  the  products  will 
always  retain  the  same  magnitude  ;  also  that  if  each  of  the 
masses  be  multiplied  by  the  product  of  the  square  of  the  orbital 
inclination  and  the  square  root  of  the  mean  distance,  the  sum 
of  the  products  will  always  remain  invariable.  Now  the  square 
root  of  the  mean  distance  varies  inversely  as  the  velocity  of 
circular  revolution  at  the  mean  distance,  or  inversely  as  the 
square  root  of  the  velocity  of  nucleal  rotation  at  the  same  dis- 
tance. It  is  therefore  probable  that  the  primitive  nucleal  un- 
dulations, to  which  I  have  h\q3othetically  attributed  both  the 
relative  positions  and  the  relative  masses  of  the  planetary  orbs, 
may  have  left  their  record  in  many  other  directions  than  those 
which  I  have  already  pointed  out. 

Stockwell  has  found  f  the  following  relations  : — 

"  I.  Hie  mean  motion  of  Jupiter^ s  'perihelion  is  exactly  equal 
to  the  mean  motion  of  the  peinhelion  of  Uramts ;  and  the  mean 
longitudes  of  those  perihelia  differ  hy  exactly  180°. 

"  II.  The  mean  motion  of  Jupiter  s  7iode  an  the  invariable 
plane  is  exactly  equal  to  that  of  Saturn;  and  the  mean  longitudes 
of  these  nodes  differ  by  exactly  180°." 

If  the  four  great  planets  were  ranged  in  a  line,  Jupiter  on 
one  side  of  the  sun  and  the  remoter  planets  on  the  other,  the 
tidal  influences,  relatively  to  the  nucleal  centre  of  inertia, 
would  drive  Jupiter,  Uranus,  and  Neptune  to  their  respective 
aphelia.  Those  positions  would  accord  with  Stockwell's  two 
theorems,  they  would  approximate  the  planetary  centre  of 
inertia  very  closely  to  Saturn's  mean  radius  vector,  and  they 
would  make  the  above  equation  of  the  products  of  triangular 
powers  applicable  to  vector  radii  as  well  as  to  masses  ;  for 
the  logarithms  of  mean  vector  radii  and  of  their  designated  tri- 
angular powers,  according  to  Stockwell  |,  are  : — 
Neptune,  mean  ajyhelion  ...  1-481951  (Neptune)^  1-481951 
Uranus,  „  „  ...  1-301989  (Uranus)^  3-905967 
Jupiter,         „         „        ...     -734588       (Jupiter/     4-407528 

10)9-795446 
Saturn,  «imn   -979496         Saturn  -979545 

*  "  The  Uranian  and  Neptunian  Systems,"  Washington  Obs.  for  1873, 
App.  I. 

t  Smithsonian  Contributious,  232,  p.  xiv.  J  Ibid.  p.  5. 
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The  difterence  between  the  actual  value  of  log  ^  r.  vec.  and 
the  value  as  found  by  the  equation  Y  ^  X  S  ^  x  7^"=  h  ^",  is  there- 
fore only  •000049,  representing  a  numerical  difference  of  only 
^  of  1  per  cent. 

When  the  hypothetical  nebular  condensation  Ikk!  proccfdcd 
so  tar  as  to  show  the  controlling  planetary  influence  of  Jupi- 
ter's mass,  the  mean  perihelia  of  Saturn  and  Uranus  were  so 
fixed  as  to  establish  the  following  relationships  of  harmonic 
])0wers  (mean  perihelion,  mean,  and  mean  aphelion*  being 
designated  by  the  subscript  figures  1,  2,  3  respectively). 

Stockwell's  logarithmic  values  are  : — 

Neptune...  -^3  1-481951  a  j  l-473327a' 

Uranus    ...  Si  l-2()2996yS  63  1-301989/3' 

Saturn     ...  hi  '9579737  hs       -97949(5  y 

Jupiter    ...  :^3  -7345888  2^2       '7162378' 

i(a_^)  +  ^(/3'_y)  + (8  _y)  =  .000085  =  log  1-0002 

i(a'_^)  +  i(/3/_y)  +  (8'_^)  =  .000382  =  log  1-0009 

These  results  represent  the  following  equations  of  distance  : — 

The  theoretical  differ  from  the  actual  values  by  less  than  g'jj 
of  1  per  cent,  in  the  first,  and  by  less  than  ^^j-  of  1  per  cent, 
in  the  second  equation.  The  closeness  of  these  agreements 
may,  perhaps,  induce  a  glance  at  a  few  that  are  somewhat 
more  intricate. 

If  we  substitute  for  the  theoretical  primitive  figurate  expo- 
nents (1,  3,  6,  10)  the  present  actual  vector  radii  {a=^^\ 
h=^^;  c=  hg;  d=t\^,\fe  may  form  an  equation  for  Saturn's 
mean  perihelion  : — 

^lx^'>-'^xn^=\i1+b (1) 

If  a,  h,  d  represent  the  mean  aj)helio7i  vector  radii,  the  equa- 
tion represents  Saturn's  mean  distance  : — 

•yf  x6*-''x  2;°=h«+* (2) 

If  we  take  powers  of  the  masses  instead  of  powers  of  the 
vector  radii,  equation  (2)  yields  two  values  for  Saturn's  mass, 
according  as  we  use  Newcomb's  greatest  or  least  value  of  Nep- 
tune's mass — 

the  greatest  (79 3^ 0)7  deduced  from  "^'s  satellite,      .     .  (3) 
or  the  least  (y^oo)?         jj         j»      perturbations  of  A  .  (4) 
These  four  equations  give  approximations  to  precise  accu- 
*  Smithsonian  Contributions,  232,  p.  38. 
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racy,  varying  between  f  and  ^  of  1  per  cent.,  as  will  be  seen 
by  the  following  solntions  : — 

(1) 

log  30-033865-202798 7-687712 

„  10-183581'9""58i-o-202;98     ^     ^     ^  17-936362 

„     5-2027983««33s6 21-511361 

47-135435 

„     9-0776453o-o-'386+i9-i8358i     _     _     ^     47-148979 

(47-148979-47-135435)-^(30-03386  + 19-183581) 
=  log  1-00051. 

(^) 

log30-335515'*2/"35i 8-043068 

„  20-0441832«-''"'«3-5-42;3oi     ^     ^     _  19-030955 

„     5-4273513»-3355i 22-284102 

49-358125 
„     9-5388523''-^3"'+2"-«"'83     .     .     .     49-346714 

(49-358125-49-346714)-f-(30'33551  + 20-044183) 
=  log  1-0005. 

(3),     (4) 
If  10=  log  of  sun's  mass,  the  logarithms  of  the  assumed 
mass  are  : — 

"^  (Newcomb,  from  satellite)      .     .  5-712646 

Ij/"  (         „  „      perturbations)  .  5*705534 

6  (         „         ) 5-645892 

h    (Bessel) 6-455734 

n  {     „     ) 6-979689 

Substituting  these  logarithms  in  equation  (2),  we  get  for 
logarithm  of  Saturn's  mass,  by  using 

Satellite  value  of  log  \V^    .      .     (3)     .       6-458198 
Perturbation  value  of  log  i^^  .     (4)     *       6-456439 

6-458198- 6-455734= -002464=  log  1-0057 
6-456439 -6-455734 =-000705=  log  1-0016. 

These  relations  are  suggestive  of  the  many  familiar  equa- 
tions between  the  sums  of  periodic  times.  The  substitution  of 
products  for  sums,  and  powers  for  products,  in  the  distribu- 
tion of  mass  and  nosition,  seems  to  indicate  the  earlv  organi- 
zing  activity  of  constant  forces,  acting  with  reference  to  nucleal 
centres,  in  elastic  media. 

Philadelphia,  March  30, 1876. 
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LXI.    On  the  Simultaneous  Sounding  of  two  Notes. 
By  Dr.  Rudolph  Konig,  Paris. 

[Contiuued  from  p.  446.] 

111.  Difference-notes  and  Summation-notes. 

IT  is  -svell  known  that  Helmholtz  has  proved  theoretically 
that  "  whenever  the  vibration  of  the  air^  or  of  any  other 
elastic  body  set  in  motion  by  both  the  primary  notes  at 
the  same  moment,  becomes  so  strong  that  the  vibrations  can 
no  longer  be  considered  as  infinitesimal,  vibrations  of  the  air 
must  arise  Avhose  pitches  are  equal  to  the  difference  and  to 
the  sum  of  the  number  of  vibrations  of  the  primary  notes." 
These  combination-notes,  both  those  of  the  difference  and 
those  of  the  sum,  are  quite  distinct  from  the  beats,  and  are 
much  weaker  than  the  orioinal  note. 

If  we  turn  our  attention  first  to  the  difference-notes,  we  find 
that,  in  all  intervals  n  :  n  +  m,  when  m  is  not  much  greater 

than  -  they  coincide  with  the  original  note,  and  therefore  can- 
not  be  proved  by  it.  We  have  seen,  however,  that,  in  all  in- 
tervals 71  :«  +  ?/*,  Avhen  m  is  much  greater  than  ^  the  beat- 
notes  are  ni'  =  «  —  m.   In  the  intervals  n  :  lin  +  »?,  when  m  is  less 

than  -  )n'  =  m:  and  when  mis  much  greater  than  ^,  m^  =  }i  —  ??«, 

2'  ®  2  ' 

and  therefore  not  the  same  as  the  difference  of  the  vibrations  of 
the  primary  notes.  We  must  therefore  try  to  observe  the  dif- 
ference-notes in  these  intervals. 

As  I  have  already  stated,  these  intervals,  composed  of  high 
notes,  allow  the  beat-notes  to  be  heai'd  quite  loudj  while  no 
trace  of  the  difference-notes  is  to  be  perceived,  c'" :  b'" 
(8  :  15)  allows  only  c  (1)  and  no  trace  of  7  to  be  heard  ; 
c"'  :  d'''  (4:9)  only  e'  (1)  and  nothing  of  e'"  (5)  ;  c"'  :/^^ 
(3  :  8)  only/'  and/'',  and  absolutely  no  a'"  (5)  ;  and  it  fol- 
lows, therefore,  that  the  difference-notes  in  any  case  must 
be  immeasurably  weaker  than  the  beat-notes.  I  was  able, 
however,  to  prove  their  existence  beyond  a  doubt  by  forming 
the  above  quoted  intervals  from  deeper  notes,  which,  by  their 
longer  duration,  enabled  me  to  make  use  of  auxiliary  tuning- 
forks  which  gave  a  certain  number  of  beats  with  the  required 
notes. 

If  I  allowed  the  great  forks  /  and  h'  (8  :  15)  to  sound 
in  front  of  the  sounding-boxes,  the  first  thing  that  fell  on  the 
ear  was  the  loud  rattle  of  the  32  beats  m'  =  n — m  ;  if,  how- 
ever, I  held  a  tuning-fork  of  440  v.  s.  at  a  greater  distance 
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from  the  ear,  the  four  beats  with  the  note  7  =  448  v.  s.  were 
audible.  In  the  same  way  I  was  able,  by  the  clang  of  the 
notes  f'  and  d"  (4  :  9),  to  prove  through  the  beats  the  ex- 
istence of  the  very  soft  note  e'  (5)  with  the  help  of  a  tuning- 
fork  of  648  V.  s.,  and  by  the  clang  of  the  notes  c'  and  f" 
(3  :  8)  that  of  a  soft  a'  (5),  with  a  fork  of  860  v.  s. 

As  regards  the  observation  of  the  summation-notes,  Helm- 
holtz  has  remarked  that  "  these  are  only  to  be  heard  under 
peculiarly  favourable  circumstances — for  instance,  on  the  har- 
monium and  on  the  many-voiced  siren  (^Tonemp/ind.  vol.  iii, 
p.  244).  But  even  if  it  is  really  sometimes  possible,  on  sound- 
ing simultaneously  two  clangs  on  a  siren  or  on  a  reed  instru- 
ment, to  distinguish  notes  of  which  the  pitch  is  equal  to  the 
sum  of  the  primary  fundamental  notes  of  both  sounds,  still  this 
is  not  sufficient  to  prove  the  existence  of  the  summation-notes, 
as  neither  sirens  nor  reed  instruments  produce  simple  notes, 
but  sounds  which  are  rich  in  overtones  ;  and  a  slight  examina- 
tion shows  that  in  consequence  of  this  the  mere  beat-notes 
which  must  be  produced  by  the  overtones  are  sufficient  to 
prove  the  existence  of  notes  whose  vibrations  are  equal  to  the 
sum  of  the  vibrations  of  the  fundamental  notes  of  these  sounds. 

Two  sounds  in  the  interval  of  a  fifth  contain  these  two 
series  of  notes, 

2,  4,     6,     8,  10, 

3,  6,     9,  12,  15  ; 

and  the  fifth  notes  of  both  sounds  (10  and  15)  produce  a  beat- 
note  m  =  ni'  =  D,  which  is  equal  to  the  sum  2  +  3  of  the  roots. 
In  the  fourth,  3  : 4,  we  have  the  two  geries  of  notes, 

•     3,     6,     9,  12,  15,  18,  21, 
4,     8,  12,  16,  20,  24,  28; 

and  it  is  here  the  seventh  notes  of  these  sounds  which  produce 
a  beat-note  that  is  equal  to  the  sum  3  +  4.  In  the  third,  4  :  5, 
we  have  the  o-s'ertones  36  and  45,  from  which  a  beat-note 
must  ensue  which  will  equal  the  sum  4  +  5  ;  and  thus  in  every 
ratio  of  the  form  ?(.  :  ?i  + 1  the  beat-note  of  the  2n  +  1st  notes 
of  both  clangs  is  equal  to  the  sum  of  the  fundamental  notes. 

In  intervals  of  the  form  n  :n  +  2  there  are  also  two  notes  of 
the  same  order,  namely  the  n  +  1st  of  both  clangs,  whose  beat- 
note  is  equal  to  the  sum  of  the  fundamental  notes.  Thus  the 
sixth,  3:5,  gi^'es  the  notes 

3,     6,     9,  12, 

5,  10,  15,  20, 

where  the  beat-note  m  is  produced  by  12  and  20  =  8  =  5  +  3. 
Lastly,  in  intervals  of  the  form  n  :  n  +  3  there  are  notes  of 
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dissimilar  order,  namoly  tlio  «4-2nd  note  of  tlie  deeper  clang, 
and  the  n-\-  1st  of  the  liiohor  one,  Avlio.se  beat-note  is  equal  to 
the  sum  of  the  fundamental  not(>s.  Thus,  for  example,  in  the 
minor  sixth,  5  :  8,  the  seventh  note  of  5  (3'))  and  the  sixth  of 
8  (48)  gave  the  beat-note  m,  which  is  equal  to  the  sum  5  +  8. 

It  might  perhaps  appear  strange  that  we  should  have  re- 
marked especially  the  beat-notes  of  overtones  of  two  sounds 
whose  vibrations  were  equal  to  the  sums  of  both  fundamental 
notes,  while  the  beat-notes  of  many  other  overtones  must  also  be 
audible;  but  it  must  be  remarked  that  the  nund)(!r  of  these 
notes  which  are  audil)le  is  by  no  means  so  great  as  we 
might  be  disposed  to  assume  without  a  closer  inspection.  Thus 
the  overtones  of  a  fifth  interval,  up  to  the  tifth,  allow  no  beat- 
note,  excepting  the  note  5,  to  be  heard  higher  than  the  funda- 
mental note,  which  does  not  coincide  with  one  of  the  overtones 
of  the  two  clangs.  In  the  fourth,  except  the  note  7,  only  the 
beat-note  5  of  the  first  seven  overtones  arising  from  15  and  20 
does  not  coincide  with  the  notes  which  are  already  contained 
in  the  clangs;  and  the  ratio  is  the  same  in  the  other  intervals. 

The  beat-notes  in  all  the  above-mentioned  cases  are  equal  to 
the  difterence  of  the  notes  by  which  they  were  formed,  and  there- 
fore coincide  with  the  ditFerence-notes  of  these  same  notes  ;  if, 
however,  we  take  into  consideration  the  great  intensity  that  two 
primary  notes  must  have  in  order  to  produce  only  a  very  weak 
ditFerence-uote,  we  may  assume  with  tolerable  certainty  that 
the  intensity  of  the  difference-notes  produced  by  the  over- 
tones must  be  very  much  less  than  that  of  the  beat-notes  with 
which  they  coincide. 

It  is  further  to  be  observed  that  on  the  siren  and  the  har- 
monium not  only  are  the  singly  produced  notes  accompanied 
by  overtones,  but  also,  if  two  sounds  are  produced  at  the  same 
time,  neither  of  them  can  be  perceived  except  as  produced  by 
a  series  of  similar  impulses  succeeding  one  another;  for  if  the 
openings  of  two  concentric  circles  of  the  siren  are  opened  at  the 
same  time,  the  intensity  of  the  impulse  is  not  double  as  great 
as  it  would  l)e  if  only  one  circle  of  holes  were  opened ;  and 
this  diminution  of  intensity  of  the  impulses  at  the  moment  of 
their  coexistence,  which  is  only  produced  b}'  the  disposition  of 
the  instruments  employed,  is  sufticient  alone  to  produce  phe- 
nomena which  have  nothing  to  do  with  those  of  the  simulta- 
neous  sounding  of  simple  notes  produced  by  isolated  sound- 
waves {Tonempfi ml. \o\.\i\.  p.  G27;  lleYC\yxQm^  Annales de  VKcole 
Normale,  vii.  1870).  If,  therefore,  we  wish  to  be  sure  that 
we  really  have  to  do  with  combination-notes  of  simple  pri- 
mary notes,  we  must  set  aside  both  the  many-voiced  siren 
and  the  reed-pipes,  and  only  make  use  of  simple  tuning-forks. 

Phil.  Mofj.  S.  5.  No.  7.  Snppl.  Vol.  1.  2  M 


514  Dr.  K.  Kouig  on  the  Simultaneous 

Tuning-forks  for  the  notes  c',  e',  g' ,  c" ,  with  prongs  6  mil- 
lims,  thick,  upon  sounding-boxes,  as  they  are  generally  used 
in  physical  experiments,  notwithstanding  their  somewhat  con- 
siderable intensity,  form  only  such  weak  summation-notes  that 
auxiliary  forks  which  give  beats  Avith  them  are  necessary  to 
prove  their  existence  beyond  doubt.  If  we  possess  a  series  of 
tuning-forks  for  the  harmonic  notes  of  the  fundamental  note  c, 
the  intervals  c' :  g'  and  g' :  c"  are  specially  adapted  for  the  proof 
of  the  summation-notes  by  means  of  the  beats,  as  the  aux- 
iliary forks  for  these  can  be  easily  arranged  by  untuning,  by 
means  of  a  little  wax,  the  forks  of  the  series  mentioned  for  e" 
and  for  the  seventh  upper  note  of  c.  But  with  such  strong 
notes  as  I  have  made  use  of,  the  summation-notes  are  in  them- 
selves sufficiently  loud  to  be  perceived  without  auxiliary  forks. 
At  c'  :g'  (2  :  3)  we  can  distinctly  hear  e"  (5),  which  with  c' 
and  g'  again  forms  the  summation-notes  of  the  second  order 
7  and  8  (c"'\  which  makes  itself  known  by  beats  w^ith  the 
suitable  auxiliary  forks ;  and  other  auxiliary  forks  allow  even 
the  summation-notes  of  the  third  order  2  +  7  =  9  (d"'\  2  +  8 
and  3  +  7  (/''),  and  3  +  8  =  11  to  be  noticed,  though  only  by 
very  faint  beats.  In  the  same  way  we  hear  also  at  c'  :  e'  (4:5) 
the  note  9  =  d" ,  and  by  means  of  the  auxiliary  forks  can  prove 
the  notes  9  +  4  =  13,  9  +  5  =  14,  and  the  summation-notes  of  the 
third  order  17,  18,  and  19.  Intervals  with  the  fundamental 
note  C''  =  512  v.  s.  are  generally  the  best  suited  for  the  observa- 
tion of  the  difference-  and  summation-notes,  as  in  these,  on 
the  one  hand,  the  rattle  of  the  discontinuous  beats  causes  little 
if  any  disturbance,  and,  on  the  other  hand,  the  beat-notes,  on 
account  of  their  great  depth,  have  only  a  very  slight  intensity. 

From  the  observations  here  given  it  follows,  therefore,  that 
difference-notes  and  summation-notes  can  be  demonstrated  by 
the  simultaneous  sounding  of  simple  notes  produced  from 
separate  sources  of  sound  if  these  have  a  very  great  intensity, 
but  that  they  are  extraordinarily  weaker  than  the  beat-notes; 
so  that  at  the  simultaneous  sounding  of  two  clangs  with  toler- 
ably powerful  overtones,  in  most  cases  the  audible  notes,  whose 
vibrations  are  equal  to  the  sum  of  the  primary  notes,  will  in 
all  probability  be  beat-notes  of  the  upper  notes,  and  not  sum- 
mation-notes of  the  primary  notes. 

These  combination-notes  are  as  little  reinforced  by  sounding- 
boxes  as  the  above-described  beat-notes. 

IV.    Upon  the  nature  of  Beats,  and  their  operation  compared 
with  the  operation  of  Primary  Impulses. 
As  the  number  of  the  vibrations  of  the  summation-notes 
does  not  agree  with  the  number  of  the  beats  of  the  two  pri- 
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mary  notes,  and  cannot,  therefore,  have  been  produced  by  them, 
this  circumstance  is  amongst  the  grounds  which  Helmholtz 
puts  forward  in  support  of  the  A'iew  that  beats  cannot  form 
any  note  whatever  (^Tonempfindung,  pp.  245,  2G3).  But  if,  on 
the  one  hand,  summation-notes  do  not  coincide  with  the  beats, 
yet  on  the  other  hand,  as  we  have  seen  above,  neither  the-  beat- 

notes  of  the  intervals  n:n-\-  in,  if  m  is  much  greater  than  ^, 

nor    the    beat-notes    of    all    intervals    n   :  hn  +  m   coincide 

with  the  difference  or  the  sum   of  the  primary  notes;  and 

the  beat-notes  are  therefore   as    little    demonstrated  by  the 

cause  which  produces  the  combination-notes   as  the  latter  can  , 

be  demonstrated  from  the  existence  of  the  beats ;  and  we  must  || 

consequently  suppose  that  each  of  these  species  of  notes  has  its  ' 

peculiar  origin. 

As  to  the  question  whether  the  nature  of  the  beats  will 
itself  admit  of  their  forming  themselves  together  into  a  note, 
the  circumstance  that,  when  the  vibrations  of  the  primary 
notes  are  not  infinitesimally  small,  combination-notes  of  the 
difference  and  the  sum  ensue,  can  of  course  prove  nothing 
either  for  or  against  this  view.  Helmholtz,  however,  gives 
some  other  reasons  against  the  older  opinion  of  Th.  Young, 
which  require  a  closer  inquiry  in  order  to  refute  them. 

The  way  in  which  the  beats  in  the  ordinary  (and  particularly 
therefore  in  the  lower)  parts  of  the  scale  mostly  produce  very 
weak  notes  is  that  which  has  principally  induced  Helm- 
holtz to  declare  that  A-ibrations  of  simpler  notes,  without  any 
mixture  of  upper  notes  or  combination-notes,  "  only  arise  when 
the  two  given  notes  are  divided  from  one  another  by  a  tolerably 
small  interval,"  and  that,  "when  the  interval  is  increased  by 
only  the  amount  of  a  minor  third,  their  vibrations  become  in- 
distinct" {Tonempfiiiduiig, -p.  284:).  But  if  we  use  deep  and 
sufficiently  powerful  notes,  the  primary  beats,  as  I  have  men- 
tioned above,  are  audible  in  considerably  greater  intervals.  In 
the  octave  C...c  there  is  no  interval  which  does  not  allow  them 
to  be  clearly  heard  ;  and  even  if  we  set  aside  the  beats  m',  we 
can  follow  the  beats  m  alone  to  above  the  fifth;  and  in  inter- 
vals with  the  fundamental  note  double  E  they  may  be  noticed 
even  close  to  the  seventh. 

In  the  above  Table  I  have  stated  that  the  third  c  :  e  allows 
a  rattle  of  32  beats  to  be  heard,  and  that  this  ever  lessening 
rattle  may  be  followed  as  far  as  the  fifth.  These  results  only 
refer  to  the  clang  of  primary  notes  of  such  strength  as 
my  tuning-forks,  placed  in  front  of  resonators,  produced. 
When,  however,  I  made  use  of  the  louder  notes  c,  e,  and  g 
which  I  produced  by  sounding  the  forks  in  question  without 
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sliding  weights  in  front  of  large  suitable  sounding-boxes  open 
at  both  ends,  the  rattle  of  the  third  was  still  more  powerful, 
and  that  of  the  tifth  also  much  louder.  The  64  beats  of  the 
third  c' :  ^,  which  with  the  tuning-forks  and  resonators  only 
allow  a  mere  roughness  to  be  heard,  changed  by  means 
of  the  tuning-forks  on  sounding-boxes  to  a  positive  rattle  ; 
and  even  the  fifth  c'  :  </  allowed  a  trace  of  the  roughness  pro- 
duced by  128  beats  to  be  heard. 

When  a  note  is  produced  in  a  closed  space,  it  is  well  known 
that,  by  the  combination  of  the  direct  sound-waves  and  those 
that  reverberate  from  the  walls,  nodes  and  ventral  segments  are 
formed.  In  very  loud  simple  notes,  of  which  the  sound-waves 
are  tolerably  long,  the  dilference  of  intensity  at  these  different 
points  is  so  remarkable  that  in  the  above-mentioned  experi- 
ments, in  which  it  is  above  all  necessary  that  the  ear  should 
receive  both  notes  very  strongly,  we  must  be  careful  to  place 
it  for  both  notes  at  the  same  node.  The  ear  must  there- 
fore be  placed  in  the  best  position  for  one  note,  and  then  the 
other  fork  moved  away  till  its  note  also  is  heard  with  the 
greatest  intensity.  The  higher  we  go  in  the  scale,  the  easier 
it  is  to  produce  very  powerful  piercing  notes ;  and  while  the 
interval  of  the  fifth  c' :  g^,  which  with  ordinarily  powerful 
notes  allows  no  trace  of  roughness  to  be  perceived,  must  be 
produced  by  notes  more  powerful  than  can  be  found  in  any 
musical  instrument  in  order  that  its  128  beats  may  be  per- 
ceived, for  the  notes  6''^:  c"'  the  reeds  of  a  harmonium  suffice 
to  make  the  same  number  of  beats  audible. 

Helmholtz,  who  states  this  last  fact,  lays,  in  order  to 
explain  it,  particular  weight  upon  the  smallness  of  the  in- 
terval (^Tonempjind.  p.  263);  but,  as  will  be  seen  from  the 
above-mentioned  experiments  with  deep  and  very  powerful 
notes,  it  is  only  necessary  to  make  use  of  primary  notes  of 
sufficient  intensity  in  order  to  obtain  the  same  phenomenon 
with  much  greater  intervals,  while  on  the  other  hand,  again, 
with  sulficiently  faint  high  notes  very  small  intervals  may  be 
formed  which  do  not  allow  it  to  be  perceived. 

As  the  small  intervals  of  higher  notes,  with  regard  to  the 
audibility  of  the  single  beats,  cannot  be  distinguished  from 
wider  intervals  of  sufficiently  powerful  deeper  notes  which 
are  separated  from  one  another  by  an  equal  absolute  number 
of  vibrations,  so  also  they  show  no  difference  in  the  manner 
in  which  beat-notes  are  formed.  Two  tuning-forks,  l/^',  c^^ 
(15  :  16),  with  a  tolerably  intense  rattle  of  128  beats,  allow 
the  note  c  to  be  heard,  just  as  with  the  very  powerful  notes  c' 
and  g';  besides  the  roughness  a  faint  c  is  perceived;  but  it 
must  be  observed  that,  as  these  high  primary  notes  possess  a 
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proportionally  far  f^rcater  intensity  than  tlio  deeper  ones, 
their  beat-notes  are  also  much  more  powerful  than  the  beat- 
notes  of  the  same  ]nteh  which  are  protlueetl  by  wider  intervals 
of  deeper  notes,  and  that  it  is  therefore  much  easier  to  j)roduco 
very  deep  clearly  audible  beat-notes  from  them  than  from 
deeper  primary  notes. 

I  have  statetl  above  that  the  clang  of  c  :  g,  even  when  very 
powerful  tuning-forks  and  resonators  are  used,  only  allows  a 
scarcely  audible  C  (128  v.  s.)  to  be  perceived,  and  deeper  beat- 
notes  in  the  lower  parts  of  the  scale  I  could  not  directly  observe 
at  all ;  but  wdth  high  forks  it  is  possible  to  produce  even  the 
double  C  of  32  complete  vibrations,  which  lies  on  the  furthest 
limits  of  audibility. 

The  tirst  series  of  tuning-forks  which  I  made  use  of  for  this 
experiment  were  tuned  to  notes  between  h'"  and  c^^ ;  as,  how- 
ever, these  forks  only  allowed  the  beat-notes  of  40  and  36  com- 
plete vibrations  (double  E  and  double  D)tobe  heard  as  faintly 
as  possible,  I  constructed  a  second  series  for  notes  between 
6^^  and  €^,  which  gave  a  proportionally  far  greater  intensity. 
Such  powerful  beat-notes  are  produced  by  the  latter,  that  not 
only  are,  for  example,  c  and  C  distinctly  to  be  heard  at  a  con- 
siderable distance,  but  also  all  the  notes  of  the  deep  octave  to 
double  C  can  be  clearly  distinguished.  This  latter  is  produced 
by  the  notes  4064  and  4096  v.  s.,  which  stand  in  the  ratio  of 
127  :  128,  and  form  thus  an  interval  far  smaller  than  a  comma 
(80  :  81). 

The  folloAving  Table  contains  all  the  tunino;-forks  which 
form  the  two  just  mentioned  series,  with  their  ratios,  and  the 
beat-notes  formed  from  them. 


T.  S. 

v.  s. 

Beats.      Note. 

3840  : 

;4096 

15: 

;   16 

128  =C. 

3904  : 

?j 

61: 

:   64 

96  =G. 

3936  : 

J5 

123: 

128 

80  =E. 

3968  : 

).' 

31: 

32 

64  =0. 

3976  : 

JJ 

497: 

512 

60  =  Double  B. 

3989-3: 

JJ 

187: 

192 

53-3=   „   A. 

4000  : 

JJ 

125: 

128 

48  =    „    a 

4010-7: 

JJ 

47: 

48 

42-7=   „   F. 

4016  : 

JJ 

251: 

256 

40  =   „   E. 

4024  : 

JJ 

503: 

512 

36  =   „   D. 

7936  : 

8192 

31: 

32 

128  =C. 

8064  : 

jj 

63: 

64 

64  =a 

8096  : 

jj 

253: 

256 

48  =  Double  G. 

8106-7: 

?) 

95: 

96 

42-7=   „   F. 

8112  : 

jj 

507  : 

512 

40  =   „   E. 

8120  : 

jj 

1015: 

1024 

36  =   „   D. 

8128  : 

?> 

127: 

128 

32  =   „   C. 
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In  making  these  experiments  we  can,  as  usual,  strike  the 
forks  with  a  bow  ;  but  as  in  consequence  of  their  high  pitch 
there  is  no  longer  any  fear  of  the  fonnation  of  pa/'imZ  notes,  it 
is  often  more  convenient  to  strike  them  with  a  steel  clapper, 
as  this  moves  more  quickly,  and  the  note  of  the  fork  first 
touched  has  not  then  lost  much  of  its  intensity  when  the 
second  note  is  produced. 

All  the  clangs  given  in  this  Table  allow  the  rattle  (or, 
as  it  is  better  termed  in  these  high  notes,  the  whir)  of  the  beats 
to  be  heard  simultaneously  with  the  beat-notes,  which  latter 
are  more  powerful  according  as  the  tuning-forks  are  stnick 
harder.  If  we  wish  to  hear  the  whir  of  the  beats  alone,  we 
have  only  to  remove  the  two  forks  a  little  further  from 
the  ear ;  the  beat-notes,  however,  cannot  be  distinguished 
quite  alone,  even  if  we  place  the  forks  close  to  the  ear ;  we 
cannot  even  quite  succeed  in  doing  this  with  the  notes  7936 
and  8192  v.  s.,  although  with  these  the  beat-note  c  is  extremely 
powerful. 

We  see  by  these  experiments  that  with  sufficiently  power- 
ful primary  notes,  not  more  than  32  beats  are  necessary  to 
form  a  note,  that  further  beats  to  about  128  can  be  distin- 
guished in  intei-vals  of  any  extent  that  may  be  v^dshed,  and 
that  between  32  and  about  128  beats  in  the  second  the  beats 
and  beat^notes  can  be  heard  together.  The  question  now  is 
whether  this  is  the  same  result  which  we  obtain  also  with 
primary  impulses. 

It  is  known,  in  the  first  place,  that  32  primary  impulses  can 
form  a  note;  and  we  might  expect,  on  the  other  hand,  that  the 
ear  should  be  capable  of  perceiving  more  than  100  impulses 
in  the  second,  even  from  the  old  observations,  according  to 
which  it  can  perceive  the  difference  of  movement  between  two 
pendulums  which  do  not  diverge  from  isochronism  by  more 
than  the  hundredth  part  of  a  second.  It  was  to  be  supposed, 
indeed,  that  if  the  ear  could  receive  two  distinct  impressions 
only  yj^  of  a  second  apart,  it  could  also  perceive  a  whole 
series  of  such  effects  with  similar  distances ;  but  this  experi- 
ment can  also  be  very  well  directly  made  with  a  cog-wheel. 
That  which  I  used  is  of  wood,  35  millims.  thick,  36  centims. 
in  diameter,  and  with  128  teeth.  If  we  press  a  small  spring 
board  of  hard  wood  very  strongly  upon  these  teeth,  we  hear 
through  the  constantly  increasing  rapidity  of  rotation  the  first 
hardly  perceptible  beats  change  to  a  rattle,  which  is  still 
clearly  perceived  when  the  wheel  revolves  once  in  the  second, 
and  consequently  the  number  of  strokes  has  attained  to  128. 
Besides  this  rattle  we  can  also  hear,  however,  if  the  single 
strokes  are  not  too  powerful,  the  note  c  (256  v.  s.).     If  we  re- 
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place  the  little  wooden  board  wliicli  strikes  so  hard  by  a  ])iece 
of  card,  the  rattle  is  hardly  to  be  discerned  at  all,  and  the  note 
c  stands  out  with  greater  clearness.  If  we  turn  the  wheel 
only  once  in  two  seconds,  so  that  we  only  produce  64  strokes  in 
the  second,  we  can  still  more  easily  observe  the  almost  entire 
disappearance  or  withdrawal  of  the  note  C  from  the  rattle  of 
the  tU  strokes.  There  exists  consequently  the  most  perfect 
agreement  between  the  ratio  of  primary  impulses  and  that  of 
the  beats. 

It  is  obvious  that  the  simultaneous  audibleness  of  single 
strokes  and  of  the  notes  which  arise  from  their  sequence,  as  also 
the  cessation  of  the  audibleness  of  single  strokes  when  these 
surpass  a  certain  number,  are  fully  explained  by  the  theory  of 
hearing  put  forward  by  Helmholtz.  According  to  this  theory, 
as  is  known,  there  exist  in  the  ear  certain  elastic  bodies 
"greatly  muffled"  {Tonempjindung ,  p.  226),  which  serve 
for  the  perception  of  swiftly  passing  irregular  shocks — and 
also  "  less-muffled  elastic  bodies,"  which  are  much  more 
powerfully  affected  by  a  musical  note  of  correspondingly  high 
pitch  than  by  single  beats.  Each  of  the  single  beats  pro- 
duces, therefore,  an  impression  upon  a  body  of  the  former 
sort,  so  long  as  these  strokes  do  not  succeed  each  other  in  a 
shorter  interval  of  time  than  is  necessary  for  the  muffling  of 
the  concussion  produced  in  it.  But,  further,  the  periodical 
movement  produced  by  the  sequence  of  the  strokes  is  composed 
of  a  sum  of  vibrations  like  those  of  the  pendulum — that  is  to 
say,  of  simple  notes,  which  can  each  affect  an  elastic  body  of 
the  second  nature.  The  more,  therefore,  the  movement  of  the 
air  caused  by  single  strokes  differs  from  the  simple  pendulum 
movement,  the  greater  will  be  the  perceptibility  of  the  single 
strokes  and  the  weaker  the  intensity  of  the  note  arising  from 
their  sequence ;  while,  on  the  other  hand,  the  intensity  of  the 
latter  increases,  and  the  audibleness  of  the  single  impulses 
becomes  weaker,  as  this  periodical  movement  approaches 
nearer  to  the  simple  pendulum  movement;  so  that  at  last,  with 
almost  entirely  simple  pendulum  vibrations  as  they  are  pro- 
duced by  tuning-forks,  at  above  32  and  36  nothing  more  is 
perceptible  of  the  single  impulses,  and  the  note  only  is  heard. 

Helmholtz  has  remarked  further  that  an  undulating  clang 
may  be  compared  to  a  note  of  periodically  changing  in- 
tensity, and  that  "undulations  and  intermissions  resemble 
each  other,  and  also  that  at  a  certain  number  they  produce 
that  kind  of  noise  which  we  call  a  rattle  "  (  Tonempfind.  p.  2QQ). 
If  intermissions,  then,  always  produced  only  a  rattle,  the  great 
resemblance  which  they  show  when  not  too  numerous  to  the 
vibrations  might  make  us  suppose  that  these  latter  are  only 
capable  of  producing  a   rattle ;    but    intermissions,  just   like 
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primary  impulses,  at  a  sufficient  number  and  intensity  change 
into  a  note. 

This  niny  be  easily  demonstrated  by  means  of  a  disk  in 
which  is  a  circle  of  large  holes,  and  which  is  made  to  reyolvc 
before  a  tuning-fork.  I  haye  used  different  disks  with  1(5, 
24,  and  32  holes,  20  millims.  in  diameter,  at  yarious  distances, 
each  disk  much  larger  than  the  circle  of  holes,  so  that  the 
note,  as  far  as  possible,  should  only  penetrate  strongly  to  the 
ear  when  an  opening  was  in  front  of  the  tuning-fork.  Of 
course  any  particular  note  will  not,  in  any  particular  number 
of  intermissions,  produce  a  note  which  corresponds  to  this 
number  of  intermissions ;  but  it  M'ill  be  necessary,  besides  the 
needful  strength  and  the  sufficient  number  of  intermissions, 
that  the  air-shocks  which  penetrate  through  the  openings  of 
the  disk  shall  be  equal  to  each  other;  and  this  cannot  be,  for 
instance,  when  the  number  of  intermissions  is  greater  than  the 
number  of  double  yibrations  of  the  note.  In  this  case  either 
seyeral  holes  pass  by  the  same  sound-waye,  so  that  a  fresh 
part  of  this  waye  always  passes  through  each,  or,  at  any  rate, 
they  are  not  equal  parts  of  different  sound-wayes  which  the 
openings  make  a  way  for  to  the  ear.  When,  too,  the  number 
of  the  intermissions  is  only  a  little  greater  than  the  number 
of  double  yibrations  of  the  note,  similar  conditions  ensue, 
and  it  becomes  necessary  that  at  least  one  entire  sound- 
waye  should  penetrate  through  the  opening  in  order  that  the 
intermission-note  may  be  clearly  perceptible.  The  most 
favourable  circumstance  for  its  audibleness  seems  to  be  that  in 
which  an  entire  scries  of  sound-wayes  can  penetrate  through 
each  opening — that  is,  when  the  yibrations  of  the  note  are 
considerably  more  in  number  than  the  intermissions. 

If  a  disk  in  which  the  distance  of  the  holes  from  one 
another  is  three  times  as  great  as  their  diameter  (2  centims.) 
is  allowed  to  moye  with  such  rapidity  that  128  holes  pass  the 
tuninor-fork  in  a  second,  the  intermittino;  note  c  is  heard  with 
the  fork  c''  =  512  v.  d. ;  but  it  is  faint,  and  is  less  prominent 
than  the  two  variation-notes,  which  equal  the  differen(!e  and 
the  sum  of  the  intermitting  notes  and  of  the  double  yibrations  of 
the  fork,  and  which  are  therefore  here  ^^  =  384  v.  d.  and  /'  = 
640  V.  d.  {Tonempfind.  p.  628).  If,  while  the  disk  moves 
always  with  the  same  rapidity,  the  forks  e",  g",  seventh  har- 
monic of  c,  and  c'"  are  used  one  after  another,  the  intermitting 
note  increases  constantly  in  strength  and  clearness.  If,  lastly, 
the  notes  of  the  very  powerful  forks  c^^  and  c^  are  allowed  to 
penetrate  througli  the  holes  of  the  disk  when  the  ratio  between 
the  number  of  intermissions  and  that  of  the  double  yibrations 
of  the  note  is  1:16  and  1  :  32,  the  intermitting  note  is  extra- 
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ordinarily  poworful;  wliilc  tlio  ilifl'cronce-  and  sumniation-nntos 
15  and  17  arc  but  faintly  j)oroei)tible  at  1  :  Ui,  and  the  notes 
31  and  33  at  1  :  32  can  scarcely  be  perceived  at  all. 

In  experiments  ^vitll  the  last-named  tunin^r-forks,  which 
are  therefore  the  most  favourable  for  the  observation  of  tho 
interniittin<r  notes,  I  move  the  disk  directly  in  front  of  the 
forks.  ^Vllen,  liowever,  I  use  deeper  forks,  I  insert  between 
them  and  the  disk  suitable  resonators  of  tlie  same  dianicter 
as  the  holes  in  the  disk,  so  that  the  note  always  sounds  loudly 
when  one  of  these  holes  is  in  front  of  the  opening  in  the  re- 
sonator. It  may  be  remarked,  by  tho  way,  that  with  this 
arrangement  the  variation-notes  especially  sound  wonderfully 
beautiful,  and  when  the  disk  is  moved  alternately  ([uicker  and 
slower  they  may  be  distinctly  heard  to  retreat  from  and  approach 
one  another. 

In  the  above,  only  a  note  of  constantly  equal  intensity  was 
allowed  to  approach  the  ear  intermittingly  by  mechanical 
means;  the  transition  of  periodical  vibration  maxima  to  a  note, 
however,  can  also  bo  observed  in  notes  which  themselves  pos- 
sess a  periodically  changing  intensity.  For  this  purpose  I 
have  constructed  siren-disks  with  circles  in  which  the  holes 
are  at  equal  distances,  but  get  periodically  larger  and  smaller, 
so  that  a  series  of  isochronous  impulses  of  periodically  changing 
intensity  is  produced  if  they  are  sounded  through  reeds  of  the 
same  diameter  as  the  largest  holes.  One  of  these  disks  con- 
tained three  circles,  each  of  96  equidistant  holes,  whose  dia- 
meter varied  on  the  first  circle  16  times  from  1  to  6  millims., 
on  the  second  12  times,  and  on  the  third  8  times.  If  these 
circles  were  sounded  with  a  tube  of  6  millims.  diameter, 
while  the  disk  was  at  first  turned  slowly,  the  single-hole 
periods  were  heard  in  each  circle  like  separate  beats  ;  when  it 
was  turned  faster,  first  the  16  periods  of  the  first,  then  the  12 
of  the  second,  and  lastly  the  8  of  the  third  circle  changed  to 
one  note  ;  when,  lastly,  the  high  note  of  96  holes  with  8  turns 
of  the  disk  had  reached  the  second  g",  the  deep  notes  C,  G, 
and  double  C,  corresponding  to  the  number  of  periods,  were 
cleai'ly  and  powerfully  heard  with  this  g" . 

On  another  still  larger  disk,  70  centims.  in  diameter,  I 
arranged  seven  circles  of  192  equidistant  holes,  which  periodi- 
cally increased  and  decreased  in  size  96,  64,  48,  32,  24,  16, 
and  12  times.  In  the  first,  therefore,  a  whole  period  was  con- 
tiiined  in  two  different  larg<;  openings,  and  the  note  of  the 
periods  in  it  was  therefore  only  an  octave  deeper  than  the 
note  of  the  192  holes,  while  in  the  seventh  circle  each  period 
was  formed  of  16  openings,  and  the  note  of  the  periods  was 
consequently  four  octaves   deeper  than  the  note  of  the  192 
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holes.  Notwithstanding  this  great  difference  in  the  number  of 
the  primary  impulses  which  the  single  periods  produced  upon 
these  different  circles,  they  all  equally,  when  their  number 
had  become  sufficiently  great,  changed  into  a  note ;  and  if 
the  circles,  following  the  series  from  the  seventh  to  the  first, 
were  blown  upon,  they  always  allowed  the  deep  note  in  the 
interchanging  series  of  the  fourth  and  fifth  to  be  clearly  and 
loudly  heard  beside  the  constantly  unchanging  high  note. 

Although,  therefore,  such  series  of  isolated  impulses  of 
periodically  changing  intensity  show  a  great  likeness  to  clangs 
producing  beats  (with  regard  to  the  possibility  of  the  single 
maxima  of  intensity  changing  to  a  note),  they  are  still  very 
different  from  the  latter.  If,  for  example,  a  series  of  96  iso- 
chronous impulses  increasing  and  decreasing  sixteen  tijiies  in 
intensity  imitates  veryclosely  the  clang  of  two  notes  which  allow 
16  beats  to  be  heard,  the  two  primary  notes  should  be  percep- 
tible which  form  this  simultaneous  sound — in  this  case  88  and 
104,  two  notes  in  the  interval  11  :  13  ;  but  in  fact  we  cannot 
hear  them.  The  reason  of  this  may  certainly  be  looked  for  in 
the  fact  that  two  notes  near  unison,  whose  number  of  vibra- 
tions are  a  and  b,  periodically  exhibit  when  sounded  together  an 

increase  and  decrease  of  ^dbrations  of  about  ,  but  that  at 

id 

the  change  from  one  period  to  another  a  change  of  signs 
takes  place,  so  that  the  maxima  of  compression  of  the  middle 
vibrations  are  only  isochronous  in  the  imperfect  periods, 
while  at  the  perfect  periods  the  maxima  of  dilatation  take  their 
place. 

I  have  endeavoured  in  two  different  ways,  by  means  of 
primary  impulses,  approximately  to  obtain  this  result,  and 
first  by  producing  the  resultant  compressions  of  all  the  fol- 
lowing vibrations  of  the  clang  on  the  same  circle  of  the  disk 
of  a  siren  through  holes  of  appropriate  size.  The  clang  of 
two  notes  of  80  and  96  double  vibrations  produces  a  note  of 

— - —  =  88  vibrations,  increasing  and  decreasing  in  intensity 

1 6  times ;  and  at  each  change  from  one  beat  to  another  the 
change  of  signs  causes  the  maximum  of  compression  of  the  first 
vibration  of  the  follo'v^'ing  undulation  to  vary  from  the  maximum 
of  compression  of  the  last  vibration  of  the  preceding  undulation 
by  half  a  vibration.  I  therefore  divided  the  circle  into  176 
parts,  and  in  parts  1,  3,  5,  7,  and  9  bored  five  holes  of  different 
sizes,  the  same  thing  in  parts  12,  14,  16,  18,  and  20,  again  in 
parts  23,  25,  27,  29,  and  31,  and  so  on.  If  now  a  circle  of 
holes  was  blo^vn  upon  through  a  tube  of  the  diameter  of  the 
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largest  opening  we  could  certainly  perceive,  beside  the  note  88 
and  the  very  powerful  note  of  the  period  16,  the  two  notes  80 
and  96  ;  but  they  were  very  faint,  and  on  account  of  the  great 
roughness  of  the  deep  note  somewhat  difficult  to  observe. 

In  the  second  arrangement  I  endeavoured  directly  to  imitate 
the  change  of  phases  in  the  vibrations  in  the  change  from  one 
undulation  to  another.  For  this  purpose  I  divided  two  con- 
centric circles  working  close  together  into  88  parts,  and  dis- 
posed the  openings  which  were  to  produce  successive  undulations 
alternately  upon  the  two.  As  with  88  openings  and  16  periods 
5^  holes  would  have  come  upon  each  of  the  latter,  I  ahvays 
took  two  periods  together,  and  bored  therefore  on  the  first 
circle  the  divisions  1,  2,  3,  4,  5,  6,  and  on  the  second  6,  7,  8, 
9,  10,  11  ;  then,  again,  on  the  first  circle  the  divisions  12,  13, 
14,  15,  16,  17,  and  on  the  second  17,  18,  19,  20,  21,  22,  and 
so  on.  If  these  two  circles  of  holes  were  now  blown  upon, 
one  from  above  and  the  other  from  below,  through  two  tubes 
each  of  the  diameter  of  the  largest  opening  of  its  o^vii  circle, 
there  ensued  at  each  revolution  of  the  disk  a  series  of  88  iso- 
chronous impulses,  varying  periodically  16  times  in  intensity, 
which  at  every  change  from  one  intensive  period  to  another 
changed  their  signs.  In  this  experiment  the  two  notes  88 
and  96  appeared  much  more  distinctly  than  in  that  previously 
described  with  the  circle  of  holes  blo-\vn  upon  from  one  side, 
which  had  upon  it  the  periods  of  holes  divided  from  one 
another  by  the  length  of  a  half  ^ab ration. 

It  only  remains  further  for  me  to  mention  that  Tjmdall  has 
cited  the  slight  intensity  of  the  resultant  notes  as  a  proof  that 
they  cannot  have  been  produced  by  the  beats  of  the  primary 
notes  (On  Sound,  p.  '350).  After  setting  forth  clearly 
that,  when  two  equally  powerful  notes  produce  beats,  the  note 
always  changes  periodically  from  cessation  to  a  doubly  greater 
amplitude  than  either  of  the  primary  notes  singly  had  had, 
Tyndall  says  literally: — "  If,  therefore,  the  resultant  notes  were 
due  to  the  beats  of  their  primaries,  they  ought  to  be  heard 
even  when  the  primaries  are  feeble ;  but  they  are  not  heard 
under  these  circumstances."  Now,  of  course,  beat-notes  must 
always  have  a  greater  intensity  than  their  primary  notes,  if 
vibrations  of  equal  amplitude  always  produced  the  same  inten- 
sity in  all  notes  ;  but  this  is  not  the  case,  as  may  be  proved 
by  a  very  simple  experiment.  If  a  c  tuning-fork,  vibrating 
in  the  amplitude  of  1  millim.,  is  held  so  far  from  the  ear 
that  the  note  is  barely  audible,  and  if  at  the  same  time 
the  same  experiment  is  made  vnih  a  second,  c'  fork,  whose 
prongs  are  of  the  same  thickness  and  breadth,  while  it  also 
vibrates  in  an  amplitude  of  1  millim.,  it  will  be  found  that 
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it  must  be  held  about  double  as  far  from  the  ear  in  order 
to  produce  the  same  result ;  and  it  follows  therefore  that  the 
note  c',  with  the  same  distance  of  vibration,  is  about  four  times 
as  powerful  as  the  note  c.  If  we  try,  then,  to  make  both  forks  vi- 
brate in  such  an  amplitude  that  at  the  same  distance  from  the 
ear  about  the  same  result  is  produced,  it  will  be  found  that  the 
amplitude  of  the  c  fork  must  be  about  four  times  as  great  as 
that  of  the  c'  fork.  According  to  this  the  amplitude  of  two 
equally  powerful  notes  in  the  interval  of  the  fifth,  e.c/.,  must  be 
*J  and  4,  and  the  sum  of  these  amplitudes  Avould  then  be  13 ; 
but  the  resultant  note,  which  is  an  octave  deeper  than  the 
fundamental  note  of  the  fifth  interval,  would  require  an 
amplitude  of  vibration  of  36,  in  order  to  acquire  the  same 
intensity  as  the  primary  notes  singly  possess. 

If  the  interval  of  the  primary  notes  is  still  smaller,  the  beat- 
note  falls  still  lower,  and  must  therefore  be  weaker  in  propor- 
tion to  the  intensity  of  the  primary  notes.  It  stands  to  reason 
that  I  do  not  give  the  above-mentioned  experiments,  nor  the 
numbers  in  the  example  as  quite  exact ;  but  they  are  sufficiently 
so  to  show  what  convinced  me  that  deep  notes  must  have  a  far 
greater  amplitude  of  vibration  than  high  ones,  in  order  to 
equal  the  latter  in  intensity.  I  hope  to  be  able  to  return 
before  long  to  a  closer  examination  of  the  intensity  of  different 
high  notes. 

The  most  important  results  of  the  above-mentioned  experi- 
ments are  shortly  summed  up  as  follows  : — 

(1)  The  number  of  beats  of  two  notes  n,  n'  is  always  equal  to 

the  positive  and  negative  remainder  of  the  division  — ;  that  is, 

equal  to  the  numbers  ?n,  m',  which  are  produced  by  stating 
n'  =  h  n+ m=(h  +  l)  n—ni',  where  n,  n'  is  the  number  of 
the  double  vibrations,  and  h  the  quotient  of  the  division  Avhich 
gives  the  remainder  m.  It  is  as  if  the  beats  proceeded  from 
the  two  overtones  h  and  h  +  1  of  the  lower  note  n,  between 
which  the  higher  note  n'  lies.  The  cause  of  the  beat-notes 
is  simply  the  periodical  coincidence  of  the  common  maxima  of 
the  two  sound-waves. 

(2)  The  beats  of  the  pure  harmonic  intervals  can  be  heard 
in  the  relations  1  :  8  and  even  1  :  10,  and  may,  as  w^ell  as  the 
beats  of  the  unison,  be  regarded  as  resulting  directly  from 
the  composition  of  the  vibrations  of  the  primary  notes,  without 
the  help  of  resultant  intermediate  notes,  whose  existence  cannot 
be  proved. 

(3)  Both  the  beats   m  and  the  beats  m',  not  only  of  the 
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interval  n  :  n  +  »j,  but  also  of  the  interval  n  :  h  n  +  m  (Ji  =  2,  3, 4), 
when  the  intensity  of  the  primary  notes  and  their  number  are 
sufficient,  change  into  beat-notes. 

II.  (4)  AVhen  the  two  beat-notes  m  and  m'  are  near  the 
unison,  the  octave,  and  twelfth,  the  same  beats  may  be  heard  as 
would  be  produced  by  two  equal  primary  notes.  I  have 
named  these  beats  arising  from  beat-notes  secondary  beats,  in 
order  to  distinguish  them  from  the  beats  arising  from  primary 
notes. 

(5)  When  the  intensity  of  the  beat-notes  by  which  they 
are  formed  and  their  number  are  sufficient,  these  secondary 
beats  change  to  a  secondary  beat-note,  as  primary  beats  change 
to  a  primary  beat-note. 

III.  (6)  The  dilference-notes  and  summation-notes,  which 
are  produced  by  the  clang  of  two  loud  notes  (the  vibrations  of 
the  latter  not  being  infinitesimal),  produce  a  phenomenon 
which  is  independent  of  the  beats  and  beat-notes  :  they  are 
very  much  weaker  than  the  beat-notes. 

IV.  (7)  The  beat-notes  cannot  be  explained  by  reason  of 
the  ditference-uotes  and  summation-notes,  because  the  number 
of  their  vibrations  is  in  many  cases  different  from  what  this 
cause  might  produce. 

(8)  The  audibility  of  the  beats  depends  solely  upon  their 
number  and  upon  the  intensity  of  the  primary  notes,  and  is 
independent  of  the  distance  of  the  interval. 

(9)  The  number  of  the  beats  and  of  the  primary  impulses 
in  which  both  may  be  perceived  as  sepai'ate  impulses  is  the 
same. 

(10)  With  the  beats  perceived  as  separate  impulses,  as 
with  the  primary  impulses  perceived  in  the  same  manner,  the 
note  which  approaches  them  in  number  is  audible. 

(11)  The  number  at  which  beats  and  primary  impulses  can 
change  into  one  note  is  the  same. 

(12)  As  with  beats  and  primary  impulses,  the  intermissions 
of  a  note  can  also  change  into  one  note. 

(13)  When  the  vibrations  of  a  note  vary  periodically  in 
intensity,  the  periodical  maxima  of  vibration  change  into  one 
note,  if  their  number  is  sufficient. 

(14)  The  beat-note  which  is  formed  by  two  primary  notes 
must  always  be  weaker  than  the  latter,  although  single  be.ats 
are  stronger  than  the  notes  which  form  them. 

Paris,  December  1875. 
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LXIL    On  the  General  Theory  of  Duplex  Telegraphy. 
By  Louis  Schwendler  *. 

[Continued  from  S.  4.  vol.  1.  p.  475.] 
III.    The  Compensatioji  Method '\. 

npHIS  method  is  the  oldest ;  fig.  3  gives  the  general  dia- 
gram. 


Fiff.  3. 


?' 


m 


e  is  the  electromotive  force  of  the  line  battery. 

/8  its  internal  resistance. 

E  is  the  electromotive  force  of  the  compensation  battery. 

«  its  internal  resistance. 

K  is  a  constant-resistance  key.  Dr.  Giutl  used  an  ordinary  key,  which, 
it  will  be  obvious,  must  result  in  a  failure. 

k  is  an  ordinary  key :  both  keys,  in  the  same  station,  are  worked  simul- 
taneously; i.  e.  contacts  4  and  5  are  closed  and  broken  at  one  and  the  same 
time. 

d,f,  and  w  are  certain  resistances. 

a  is  the  one  coil  of  the  differential  instrument,  which  is  connected  up  in 
the  line-circuit. 

b  is  the  othe)-  coil  of  the  differential  instrument,  which  is  connected  up 
in  the  compensation  circuit.  By  a  and  b  shall  be  also  designated  the  re- 
sistances of  these  two  coils. 

The  coils  a  and  b  with  their  batteries  e  and  E  respectively 
are  arranged  in  such  a  manner  that  ^they  have  opposite  mag- 
netic effects  with  respect  to  the  same  magnetic  pole.  The  two 
circuits  in  each  station  (the  line-circuit  and  the  compensation 
circuit)  are  insulated  from  each  other.  All  the  other  terms,  as 
L,  1-i',  \J' ,  &c.,  shall  have  the  same  physical  meaning  as  before. 

*  Communicated  by  the  Author  from  the  Journal  of  the  Asiatic  Society 
of  Bengal,  vol.  xliv.  part  2,  1875. 

t  Dr.  Wilhelm  Gintl,  k.-k.  Director-General  of  Telegraphs  in  Austria, 
is  the  inventor  of  this  earliest  method.  In  1853  he  made  the  first  prac- 
tical experiment  on  a  line  between  Vienna  and  Prague  (240  miles). 
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The  compensation  method  has  two  principal  defects  which 
the  two  preceding  methods  do  not  possess. 

Fi)'st.  The  success  of  working  a  line  dnpliciter  by  the  com- 
pensation method  ^^^ll  clearly  depend  on  the  possibility  of 
being  able  to  close  and  open  simultaneously  two  different  con- 
tacts (4  and  5).  The  mechanical  difficulty  of  doing  so  suffi- 
ciently accurately  Avas  pointed  out  by  Dr.  Werner  Siemens, 
and  in  fact  constitutes  one  of  the  reasons  which  led  him  to 
propose  the  differential  method. 

Secondly.  The  balance  in  each  station  may  be  disturbed 
directly  by  a  variation  of  the  electrical  condition  (internal  re- 
sistance and  electromotive  force)  of  the  two  batteries  (E  and 
f)  employed. 

In  the  preceding  two  methods  the  variation  of  the  internal 
resistance  of  the  signalling-battery  can  only  be  felt  indirectly 
by  affecting  the  balance  of  the  distant  station,  while  the  varia- 
tion of  electromotive  force  has  no  effect  at  all.  Hence  a  given 
variation  in  the  battery  or  batteries  must  necessarily  produce 
a  greater  distui'bance  of  balance  in  the  compensation  method 
than  in  the  two  preceding  ones.  We  know  that  even  so-called 
constant  galvanic  batteries,  doing  w^ork,  alter  their  electrical 
conditions  perceptibly,  especially  their  internal  resistance;  and 
consequently  this  defect  weighs  most  decidedly  against  the 
compensation  method.  In  all  other  respects  the  compensation 
method  has  the  same  defects  as  the  differential  method,  and  in 
addition  some  others  which  will  be  understood  as  the  investi- 
gation proceeds. 

General  expression  for  the  two  functions  "  D  "  and  "  S." 

To  obtain  the  functions  D  and  S,  we  have  to  develop  the 
general  expressions  for  the  forces  p,T,  and  Q,  say  (for  station  I.) 

where  A'  and  B'  are  the  currents  which  pass  through  the  two 
coils  a'  and  6'  respectively  when  station  I.  is  sending  and  sta- 
tion II.  is  at  rest ;  m'  and  n'  are  the  forces  exerted  by  the  two 
coils  a'  and  ¥  respectively  on  one  and  the  same  magnetic  pole 
when  a  unit  of  current  passes  through  them.  At  balance  in 
station  I. 

y=o. 

Further, 

where  3'  is  the  current  which  passes  through  the  coil  a'  when 
station  II.  is  sending  and  station  I.  is  at  rest  (single  signals). 
Further, 
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where  y'  and  ^'  are  the  currents  wliich  pass  through  the  coils 
a'  and  h'  respectively  when  both  stations  are  sending  simulta- 
neously (duplex  signals). 

The  compensation  circuit  and  the  line-circuit  in  each  station 
being  electrically  independent  of  each  other^  we  have 

invariably  without  condition. 

If  we  further  presuppose  that  depressing  of  the  key  K  does 
not  alter  the  complex  resistance  of  the  station  (a  condition 
which,  for  the  regularity  of  signals,  we  are  obliged  to  assume 
here  as  well  as  in  the  two  preceding  methods),  it  will  be  clear 
that 

Substituting  these  values  for  y'  and  g'  in  the  expression  for 
Q',  we  get 

Q!^{K'  +  <Si')m'  +  Wn'. 

The  signs  of  the  terms  may  be  again  contained  in  the  currents, 
while  m'  and  n'  are  taken  as  absolute  numbers.  We  must  only 
remember  that  A!m'  and  B'n'  must  be  invariably  of  opposite 
sign.  Arbitrarily  we  will  call  the  current  A  positive  when  the 
negative  pole  of  the  line-battery  is  to  earth. 

Now  we  have  again  two  different  modes  of  connecting  up 
the  line-batteries,  viz.  : — 

1st.  The  same  poles  of  the  line-batteries  are  connected  to 
earth  in  the  two  stations  : 

i/  =  ±AWq=BV, 

2nd.  Opposite  poles  of  the  two  line  batteries  are  connected 
to  earth  in  the  two  stations  : 

p^  =±A'?/i'tBV, 
V'=±^'m', 

Q!  =  {±A'±.U')m'+B'n'. 
Subtracting  in  either  case  P'  from  Q^,  we  get 
Q^-P'  =  S^=/. 

Or,  on  account  of  having  fulfilled  the  key-equation  f=io  +  j5, 
the  difference  of  the  forces  which  produce  single  and  duplex 
signals  is  equal  in  sign  and  magnitude  to  the  force  by  which 
balance  is  disturbed.    Further,  it  is  also,  for  the  compensation 


of  Duplex  Teleijraphy.  521) 

method,  (juito  iinin;iic>nal  wlu^thor  the  same  or  o[)po.slto  polos 
of  the  two  lino-battcrios  arc  coiinocted  to  earth.     As  pointed 
out,  it  is  preferable  to  connect  the  same  poles,  i.  e.  the  nega- 
tive polos,  of  the  line-batteries  to  earth. 
Assiiniino-  this  case,  we  have 

/=A'm'-BV, 

Substituting  now  for  A',  B^,  and  SI'  their   values,  and  re- 
nieniberino-  that 


_    /-  approxnnatelv, 
i'  =r's/b'  J 


we  get  the  following  general  expressions  for  the  two  functions 
D  and  S  :— 


D' 


and 


for  station  I. 


D"  = 


e' 


K' 

R''K^ 


where 


Im"  s/a' 


for  station  IL, 


R=u-\-h  +  d, 
K=/+a  +  ^, 


X=  — ' 

e 


v  = 


r 


Rigid  fnlfihnent  of  the  two  fund  ions  S  =  0  and  D  =  0. 
For  tinite  quantities  these  two  functions  can  only  become 
zero  if  A  =  0,  /.  e. 

lis/a-K\vs/b  =  0, 

which  is  the  balance-equation  for  the  compensation  method. 

To  fulfil  this  equation  permanently,  no  matter  what  the  spe- 
cial cause  of  disturbance  may  be,  we  can  again  adopt  two 
ess  entially  ditferent  modes  of  readjustment,  viz. : — ■ 

Either  lea\e  the  two  coils  a  and  h  or  tlieir  annatures  sta- 
PhiL  Mag.  S.  5.  No.  7.  SuppJ.  Vol.  1..  2  N 
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tionarv,  and  adjust  balance  bv  altering  the  resistance  in  one  or 
both  of  the  U\o  circuits,  or  leave  the  resistances  constant  and 
alter  the  relative  position  of  the  two  coils  or  their  armatures 
with  respect  to  a  given  magnetic  pole.  These  two  methods  of 
readjusting  balance  shall  be  considered  separately. 

a.  Readjustment  of  balance  hy  altering  resistances. 

In  order  to  have  immediate  balance  it  will  be  clear  that  the 
alteration  of  resistance  must  be  restricted  to  the  compensation 
circuit,  which  is  electrically  independent  of  the  line-circuit. 
The  total  resistance  in  the  compensation  circuit  consists  of 
three  diiferent  resistances,  namely  b,  a.,  and  d.  Neither  b  nor 
a,  considering  their  nature,  can  conveniently  be  made  adjust- 
able in  practice  ;  hence  the  alteration  of  resistance  in  the  com- 
pensation circuit  is  restricted  to  d,  which  must  therefore  con- 
sist of  increments  of  the  proper  size.  The  adjustment  of  d 
should  be  quick  and  convenient. 

E 

In  addition  to  this  adjustment,  X=  —  may  be  made  adjust- 
able by  varpng  E  in  increments  of  one  cell.  Such  an  adjust- 
ment/however,  is  not  fine  enough  for  ordinary  use ;  the  elec- 
tromotive force  of  one  ceU  is  too  large  a  quantity  in  compa- 
rison with  the  total  electromotive  force  used  in  the  compensa- 
tion circuit.  If  the  variation  of  the  line-current  becomes  very 
o-reat,  it  mio-ht  perhaps  be  found  convenient  to  alter  E  ;  but  as 
an  ordinary  mode  of  adjustment  it  must  be  dispensed  with*. 

It  is  scarcely  needed  to  point  out  that  to  adjust  balance  by 
altering  the  line-current,  either  by  varying  the  resistance  or 
the  electromotive  force  t  or  both  of  the  line-circuit,  must  be 
rejected  once  for  all,  because  such  an  adjustment  of  balance  in 
the  one  station  could  never  take  place  without  distm-bing  the 
balance  of  the  other  station,  or,  in  other  words,  the  required 
immediate  balance  could  not  be  fulfilled. 

b.  Readjustment  ofbalanceby  moving  the  coils  or  armatures. 

If  we  suppose  both  the  coils  or  their  armatures  simultane- 
ouslv  movable  in  the  same  direction,  then  clearly  this  mode  of 
adjustment  contains  not  only  the  required  immediate  balance, 
but  in  addition  represents  also  a  very  rapid  and  entirely  con- 
tinuous action.     For  this  reason  it  is  apparently  preferable  to 

*  During  tlie  period  of  low  insulation  of  tLe  line  it  might  be  advisable 
and  practicable  to  make  E  larger  than  during  the  period  of  high  insulation 
of  the  line  (wet  and  dry  seasons). 

t  Alteration  of  electromotive  force  of  a  galvanic  battery_  cannot  be 
achieved  without  altering  its  internal  resistance.  Hence  varying  e  would 
also  involve  a  variation  of/3:  and  in  order  to  keep/=«c-l-/3, it  would  be- 
come necessary  to  alter  w  simultaneously  -with  e;  i.  e.  w  would  have  to  be 
increased  when  e  decreases,  and  vice  versa.  This  method,  besides  being 
rough,  would  therefore  be  also  inconvenient. 
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the  first  method,  where  the  adjustment  can  only  be  carried  on 
in  one  branch  by  varying  d  in  increments*.  Which  of  the  two 
methods,  however,  is  to  be  hnally  chosen,  dej^onds  on  other 
considerations,  which  will  become  clear_ further  on.  We  know 
now  that  both  these  modes  of  adjustment  are  converiient  and 
practicable,  and  contain  immediate  balance  without  special  con- 
ditions. In  fact  in  this  respect  the  compensation  method  is 
preferable  to  the  ditferential  method,  where  innnediate  balance 
by  varying  resistances  could  only  be  oljtained  when  varying 
the  four  branches  simultaneously  according  to  a  fixed  relation. 

Rapid  approximation  of  the  two  functions  S  and  D  towards 

zero. 
On  account  of/=?t'  +  /3  we  have 

where 

Now  suppose  A  =  0;  then  this  equation  may  be  disturbed  by 
K,  R,  X,  r,  a,  or  h  varying,    a  and  h  are  wire  resistances  which 

*  It  has  been  suggested  to  adjust  balance  by  a  continuous  variation 
of  resistance,  as,  for  instance,  by  nioA-ing  a  contact-point  alou^-  a  thin  pla- 
tinum wire  in  the  same  manner  as  l3r.  W.  Siemens  has  done  it  in  his 
bridge  employed  for  compaiing  accurately  comparatively  small  resistances. 
It  is,  however,  scarcely  necessary  to  point  out  that  such  a  method,  if  ap- 
plied for  duplex  working,  must  result  in  a  failui-e,  at  all  events  so  long  as 
electromagnetic  instruments  are  used  for  producing  the  signals.  For  in 
such  a  case  the  resistance  of  any  branch,  no  matter  what  special  duplex 
method  may  be  employed,  must  bear  a  certain  ratio  to  the  given  re- 
sistance of  the  line  in  order  to  get  the  signals  with  sufficient  foi'ce.  This 
ratio,  as  my  investigations  have  shown,  is  by  no  means  a  small  one ;  and 
hence  the  resistances  of  all  branches,  even  for  a  short  line,  cannot  be  made 
small.  Therefore  the  platinum  wire  constituting  part  of  one  or  two  branches 
of  the  duplex  method  employed,  must  also  offer  a  considerable  resistance, 
i.  e.  must  be  of  gi'eat  length.  Hence  to  alter  such  a  large  resistance  conti- 
nuously and  perceptibly,  as  is  indicated  by  the  balance-disturbance,  must 
evidently  involve  a  considerable  movement  of  the  contact-point,  which, 
even  choosing  the  thinnest  possible  wire  and  the  shortest  telegraph-line, 
becomes  already  for  the  daily  variation  so  large  as  to  make  its  application 
impossible.  Unless  another  material  of  much  higher  specific  resistance 
than  platinum  wire  can  be  found,  which  at  the  same  time  allows  of  the 
sliding  contact  being  made  securely,  the  adjustment  of  balance  by  a  conti- 
nuous variation  of  resistances  must  be  dispensed  with.  Such  a  material 
does  not  appear  to  exist.  I  tliought  of  acting  on  Phillips's  suggestion  to 
use  pencil-maiks  for  the  adjustable  resistance  ;  and  although  I  found  that 
pencil  resistances  can  be  adjusted  veiy  accm-ately,  and  can  be  enclosed  in 
a  very  small  space,  and  that  they  keep  sufficiently  constant,  it  is  difficult, 
if  not  impossible,  to  alter  them  by  a  sliding  contact ;  the  "  Uehcrgangs- 
widerstand  "  is  too  variable  and  too  gi'eat.  Besides,  if  the  contact  is  made 
with  sufficient  pressure,  its  sliding  along  alters  the  thickness  of  the  pencil- 
mark,  and  hence  the  resistances  become  inconstant  and  uncertain. 

2N2 
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may  be  taken  as  constant,  for  tlieir  variation  with  teniperaturo 
is  exceedingly  small ;  and  in  case  of  accident  {i.  e.  a  coil  Ijreak- 
iniT  or  becoming  sbnnted)  nothing  short  of  actual  repair  could 
help.  Farther,  r,  supposing  the  ditferential  instrument  to  1)0 
pro})erly  designed  and  mechanically  -well  executed,  may  be 
taken  as  a  perfectly  constant  quantity,  which  certainly,  as  long- 
as  the  coils  or  their  armatures  are  not  moved  on  purpose,  does 
not  alter  of  its  own  accord. 

The  quantities  left,  which  by  variation  may  affect  the  balance- 
equation,  are  K,  R,  and  \. 

Of  these  three  quantities  the  variation  of  K  may  become 
largest ;  for  K  does  not  only  contain  the  line-resistance,  which 
is  highly  variable,  but  K  includes  also  the  internal  resistance 
of  both  the  line-batteries,  which,  even  for  the  best  known  form 
of  galvanic  battery,  is  by  no  means  a  constant  quantity.  The 
variation  of  the  internal  resistance  of  the  line-battery  in  each 
station  produces,  of  course,  the  greatest  disturbance  of  balance 
in  that  station. 

The  next  quantity  most  liable  to  change  of  its  own  accord 
is  clearly  R,  since  it  contains  the  internal  resistance  of  the  com- 
pensation battery. 

X,  the  ratio  of  the  two  electromotive  forces  in  one  and 
the  same  station,  though  also  liable  to  change,  will  yet 
varv  very  little.  The  electromotive  force  of  a  well-prepared 
galvanic  battery,  especially  when  the  battery  is  worked  by 
weak  currents,  is  far  more  constant  than  is  generally  believed*. 

With  respect  to  the  variation  of  the  three  quantities  K,  E, 
■and  X,  the  function  S  may  therefore  be  expressed  in  three  dif- 
ferent forms. 

S,  =  m^g.f^8K  when  K  alone  varies. 
xvJv 

S,,  =  fr/— -  SR  when  R,  i.  e.  a,  alone  varies. 

83  =  f^!'        h\  when  X,  i.  e.  E  or  e  or  both,  alone  vary. 
R 

These  three  different  disturl^ances  of  balance  may  act  singly 
or  conjointly  ;  and  it  is  clear  that  they  are  independent  of  each 

*  It  appears  that  clianores  wliicli  have  been  observed  to  take  place  in  the 
electromotive  force  of  a  Minotto  or  Leclauche"s  battery  are  generally  ap- 
parent only,  not  real.  Such  changes  are  generally  quite  within  the  limits 
of  observation-errors ;  and  if  they  are  large,  they  are  then  generally  due  to 
the  incorrectness  of  the  method  employed  for  measuring  the  electromotive 
force,  or  to  cells  actually  having  become  exhausted.  It  appears  that  this 
-mysterious  force  in  each  cell  either  exists  in  its  full  vigour  or  not  at  all ; 
there  seems  to  be  no  continuous  change  in  either  direction. 
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other,  ut  all  t'Aonts  as  I'ar  as  this  investigation  is  concerned. 
Consequently  the  safest  })lan  Avill  he  to  make  each  influence  as 
small  as  the  circumstances  will  allow  it. 

The  disturbance  81  for  any  constant  eqXv  ^h  and  any  given 
8K  will  obviouslv  become  smaller  the  lartjer  KK  is  selected. 
Supjiosing  li  +  K  constant,  whatever  that  value  Hnally  may  be, 
EK  has  a  maximum  for  H=K  ;  and  the  very  same  condition 
will  obviously  make  the  disturliance  S2  smallest. 

S3  offers  no  best  condition  ;  this  expression  only  shows  that 
it  has  an  absolute  maxinmm  with  respect  to  h,  namely  (as 
E  =  «  +  </  +  h)  for  h  =  u  +  d. 

Thus  we  are  informed  that  whatever  relation  between  b  and 
«  +  </  may  be  finally  chosen,  b  =  ot  +  ((  should  not  be  selected,  as 
otherwise  any  given  variation  of  X  would  have  the  greatest 
possible  disturbing  effect  on  the  balance.  But  h  =  u  +  d  being 
the  condition  for  the  maximum  magnetic  effect  in  the  compen- 
sation circuit,  it  is  hereby  established  that  for  the  sake  of  regu- 
hirity  of  signals,  which  under  all  circumstances  is  to  be  consi- 
dered of  paramount  importance  in  du})lex  telegraphy,  the  mag- 
netic effect  in  the  compensation  branch  mn-'<t  not  be  achieved 
in  the  most  economical  manner,  but  quite  the  reverse.  This, 
as  the  compensation  circuit  has  actually  to  produce  wholly  or 
partly  the  duplex  sicfnals,  is  a  testimonium  i^caipertatis  for  the 
compensation  method,  and  proves  it  in  this  respect  inferior  to 
both  the  doidle  balance  and  the  differential  method. 

E=K 

is  the  regularity  condition  for  the  compensation  method  ;?.<?. 

In  order  to  make  the  disturbance  of  balance  by  a  variation  of 
the  resistance  in  both  the  circuits  absolutely  as  small  as  j^ossible, 
the  total  resistance  of  the  compensation  circuit  shoidd  be  equal  to 
the  total  resistance  of  the  line-circuit*. 

If  we  now  substitute  in  S^  for  K  the  value  R,  and  in  S2  for 
Iv  the  value  K,  we  get 

S,=eg^^SB, 

*  This  result  is  agaiDst  the  adopted  view,  for  Dr.  Giiitl,  as  well  as  others 
after  him,  has  always  treated  the  couipensation  circuit  as  a  kind  of  local 
circuit,  i.  e.  giving  to  it  as  low  a  resistance  as  practice  allows.  But  this  is 
clearly  wrong :  for  if  R  is  made  ver\'  small  as  compared  with  K,  the  lua- 
lauce  becomes  unstable.  This  fact  explains,  to  a  certain  degree,  the  failure 
which  has  attended  the  application  of  the  compensation  method  for  duplex 
working,  because  the  method  wac  tried  imder  the  most  unfavourable  quan- 
titative arranjrements. 
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while  Q      _  V  s/l  x^ 

remains  tho  same. 

Si  has  an  absohitc  niaximmn  for  b=  — .j— ,  Sg  for  a=— ^, 

o  o 

and  S3  for  h-=zu  +  d,  as  stated  before. 

Hence  we  know  what  relations  between  the  different  variable 
shonld  not  exist. 

This  is  all  we  can  get  from  the  function  S.  For  further 
relations  we  must  look  to  the  function  D. 

For  station  I.  we  have  * 

\\'hich,  again,  with  respect  to  the  A^ariations  of  K',  K^,  and  V, 
may  be  written  in  three  different  forms  : — 

e'    K"     yJvWF 
e'      K'^      1 


j^f  _  e     iv        x'V  s/b"  x-r-/ 


and 


Considering  that 

K'~  i  +  l'  +  p'' 

i 


and 
we  have 


f^-i  +  F  +  p^ 

D'  =  i^  .  ^-^"  +  P"  .  ^'v'  ^b'   gj^, 
e'    i-^V'  +  p"     1 


2  —  jf  7~~        ■  T>/  ^^  7 


R' 


«   I  »  jE'Va' 

*  When  investigating  the  minimum  absolute  magnitude  of  S,  the  terms 
could  be  taken  without  an  accent,  because  S  contains  only  terms  belong- 
ing to  the  same  station.  When  investigating  D  this  cannot  be  done,  as  D 
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put 


and 


i+l"+p" 

i 

=  J, 

I,  +  o'  +  n" 

+  (^'  +  , 

~ 

9')il"  +  P")  _ 

Li     1     f-'        1^  p 

1 

1   . 

I 

.-.  \)\ 

=..jv/ 

'P^-'^ 

B'2 

T   1 

8R', 

D'3  = 

SV. 

T, 


Now  keopino-  .s^,  J,  V,  and  v'  constant,  D'l  becomes  smaller 
for  any  given  SK'  the  larger  i/r'  is  selected  ;  while  D^3  becomes 

T 

smaller  for  any  given  h\'  the  smaller  -p  is  selected,  and  D'2 

becomes  smaller  the  larger  R'  is  chosen. 

Now  i/r' =  E' A  / '1-  has  a  maximum  for  a' =  h' ;  for 

R'=6^  +  «'  +  rr=^/  +  /; 
and  putting  rj' ■=h't' ,  we  have 

which,  for  a'  +  V  and  t'  constant,  has  clearly  a  maximmn  for 
a'=h'.  This  proceeding  is  right,  because  ■we  take  h'  as  the 
original  variable,  and  vary  o!  and  y'  simultaneously  Avith  U  in 
order  to  keep  t'  and  a'  +  h'  constant ;  while  J  and  s  are  inde- 
pendent of  (/,  h' ,  and  y. 

In  order  to  be  sure  that  a'  =  h'  makes  also  D^3  a  minimum, 
we  must  show  that  T  keeps  constant,  i.  e.  p'  keeps  constant 
when  a'  varies.  But  p'  =  a'  -\-f' ;  thus  we  have  only  to  consider 
f  simultaneously  variable  with  a' ^  equal  and  opposite  to  the 
variation  of  a,  which  is  allowed.  Therefore  the  condition  a'  =  1)' 
makes  undoubtedly  the  disturbances  D'l  and  D'3  minima; 
while  the  disturbance  D^2j  which  contains  E,^  in  the  denomi- 
nator only,  is  not  affected  by  this  relation,  but  depends  on  the 
absolute  value  of  b'  only,  which  should  be  chosen  as  large  as 
possible. 
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a  =  h  is  therefore  the  f^econd  regularity-condition,  ilie  fulfil- 
ment of  which  makes  the  relative  disturbance  of  balance  by  a 
variation  of  K  and  X  as  small  as  possible. 

Substitutinnr  now  (/  =  //  in  the  expression  of  the  D  disturb- 
ances, and  remembering  that 

we  get 

Thus  D'l  and  D'2,  for  constant  s,  V,  and  v',  become  smaller 
the   smaller  ^  is,   while    D'3   becomes   smaller  the  smaller 

T  . 

^is. 

Now  remembering  that 

J     i  +  l"  +  p" 

eJ  = ; J 

I 


and 


i-^l"-\-p" 


.  J__ {i+i''+p'y 

;^_i+v'+p''  _  1 

For  a  tolerably  good  line  I"  +  p"  as  well  as  V  -\-p'  can  be 
taken  as  small  in  comparison  with  i ;  hence,  approximately, 

J  _  1  _  1 

K/-/'  +  r  +  p'  +  p^/-L  +  p'  +  p"' 
and 

K'       ' 

from  which  it  follows  that  also  for  the  compensation  method 
p'  and  p"  should  be  selected  as  large  as  possible. 

But  p  =  a  +  f  does  not  give  a  condition  besides  that  yve  know 
Ave  should  select  a  and  /  absolutely  not  small. 
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Further,  we  see  that  the  disturbance  D'3  has  v'  lor  its  factor, 
while  D'l  has  \'v'  for  its  factor. 

Hence  for  a  given  X'r'j  the  best  will  be  to  make  r'  as  small 
as  ])ossible. 

The  reoularity  of  the  signals  is  therefore  obtained  if  we  ful- 
fil the  following  conditions  in  either  station  : — 

R  =  K, 

a  =  h, 

p       as  large  as  possible, 

V       as  small  as  possible. 

Knowing  this,  wc  may  now  consider  that  balance  in  either 
station  is  rigidly  obtained,  or  that 

but 

R=K, 
and 

«  =  6  ; 
we  ha^■e 

Xr  =  l. 

The  absolute  value  of  a  may  now  be  determined  by  consi- 
dering that  it  is  advisable  to  produce  the  signals  in  either  sta- 
tion in  the  most  economical  manner. 

Maximum  Magnetic  Moment. 
We  have      p,_  c^'  ,  ,    .-, 

^  -a"+f"  +  c"f^'i  ^"' 


But 
where 


a"+f"  +  c"~  a'^f  +  c'~  q 

which  has  a  maximum  for  a'  and  a"  taken  as  independent 
variables. 

If  we,  for  instances,  take  i=yo ,  then 

p  _        eq  \/a 

L  +  2((/+7)' 

L      . , 

•*•  «'=  2  "^Z  ^"^'  ^  perfect  lino  ; 
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and  by  inference 


T  " 


approximately. 


Now  we  can  decide  on  the  method  to  be  adopted  for  read- 
j  listing  balance.  On  account  of  the  regularity-condition  R = K , 
and  as  both  undergo  variation,  especially  K,  we  are  obliged  to 
adjust  balance  in  the  compensation  branch  by  varying  the 
resistance  d,  and  leave  the  coils  or  their  armatures  stationary. 

Thus  the  general  solution  of  the  first  problem  for  the  com- 
pensation method  is  : 

1.  Readjustment  of  balance  is  to  be  effected  by  a  variation  of  re- 
sistance in  the  compensation  circuit,  and  not  bi/  a  movement  of  the 
coils  or  their  armatures.  By  this  adjustment  R  is  kept  equal  to  K 
permanently,  no  matter  in  ivhich  branch  the  variation  takes  place. 

2.  f=w  +  /S; 
a=b=  2  +f ; 

vX=l, 

v  as  small  as  j^ossible  and  \  as  large  as  possible. 

/3  is  known  from  the  number  and  nature  of  the  single  cells 
of  which  the  battery  has  to  consist  to  produce  through  the  given 
line  (connected  up  in  a  circuit  like  fig.  3)  single  signals  with 
suflicient  strength. 

70  is  known  from  the  absolute  largest  variation  ^  may  un- 
dergo in  time ;  hence  /  is  determined,  and  therefore  also  a 
and  b. 

Determination  of  X  and  v. 

E 

We  know  that  X.r  =  l,  and,  further,  that  X=  —  should  be 

selected  as  large  as  possible  or  v  as  small  as  possible';  but  other- 
wise it  appears  that  no  fixed  values  for  X  and  v  can  be  ascer- 
tained. If  we,  however,  consider  the  natm-e  of  the  variations 
of  R  and  K  which  may  disturb  the  balance,  \dz.  those  varia- 
tions of  R  and  K  which  are  due  to  unavoidable  decrease  of  the 
internal  resistance  of  the  two  batteries  by  the  working  cur- 
rents, it  will  be  seen  that  a  best  value  of  X  does  exist,  and  that 
therefore  v  also  becomes  fixed. 
Suppose  that  at  a  certain  moment 

R=K 
is  rigidly  fulfilled  ;  and  remembering  that 

R  =  6  +  fZ  +  «, 

K  =  2(a  +  /)  +  L 
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(for  a  perfect  lino,  i.  e.  i=X)  ),  and  that,  furtlicr, 

and 
we  have 

Now  in  this  equation  suppose  every  thing  constant  except  a 
and  ^,  the  internal  resistance  of  the  two  batteries  E  and  e 
respectively.     Hence,  if  we  could  achieve  that 

8en  =  2Bl3  invariably, 
the  variation  of  the  internal  resistance  of  the  two  batteries 
would  not  disturb  the  equation  K,=  K,  and  therefore  also  not 
affect  the  balance.  With  absolute  certidnty  Ave  cannot  fulfil 
this  desirable  relation  between  the  two  variations  ;  but  with 
some  probability  we  may.  For  it  is  well  known  that  the  in- 
ternal resistance  of  a  galvanic  battery  decreases  in  time  by  the 
current  passing  through  the  battery.  Hence,  if  we  suppose 
that  the  two  batteries  consist  of  identical  cells  (equal  in  nature, 
size,  and  internal  resistance),  we  may  say  that  the  variation  of 
the  internal  resistance  of  a  single  cell  by  the  unit  current  in 
the  unit  of  time  is  the  same  for  both  the  batteries.  Further, 
if  we  make  the  other  not  improbable  supposition  that  the  va- 
riation at  any  one  time  is  proportional  to  the  current  which 
passes  at  that  time,  we  have 

"p  ■p'2 

and 

where  e  is  the  variation  of  the  internal  resistance  of  a  single 
cell  in  unit  of  time  by  unit  of  current,  (f)^^'>  a  certain  unknown 
function  of  the  time  which,  as  the  two  batteries  are  working 
simultaneously,  is  not  required  to  be  knoAvn. 
Hence,  from 

8«  =  28/S 


and 

it  follows  that 


and 


K=R, 

E 
A  =  -=V2 

q     V  5 


q      V   2 

These  values  of  X  and  v  bring  the  compensation  nicthot 
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M-itli  rospoct  to  rcoularity  of  working,  as  close  to  the  differen- 
tial metliod  as  is  possible  for  us  to  do  ;  for  the  disturbance  of 
balance  in  the  sending-station  by  the  steady  decrease  of  the 
internal  resistance  of  the  two  batteries  has  now  been  probably 
eliminated,  which  defect  is  excluded  from  the  other  two  me- 
thods by  their  own  nature.  There  are  then  remaining  only 
those  variations  of  the  batter^'-resistance  which  do  not  follow 
the  law  of  steady  decrease,  but  Avhich  are  more  accidental,  and 
make  therefore  the  compensation  method  still  inferior  to  either 
the  diti'erential  or  bridge  method. 

PJn/sieal  meaning  of  y  =  \/  z.. 

It  has  been  proved  that  balance  in  each  station  is  to  be  estab- 
lished by  adjusting  resistance,  and  not  by  a  movement  of  the 
coils  or  their^  armatures.  Hence  it  will  be  practical  and  con- 
venient to  coil  the  two  helices  above  each  other  and  have  them 
acting  on  one  and  the  same  iron  core. 

Further,  as  v—  -  =  a/     it  follows  that  the  magnetic  action 

of  the  a  coil  must  be  made  greater  than  that  of  the  b  coil. 
Therefore  it  Avill  be  best  to  coil  the  helix  b  on  the  top  of  the 
helix  a. 

Further,  the  magnetic  action  of  a  cylindrical  coil  of  resist- 
ance a  (in  Siemens  units)  can  be  expressed  as  follows — 


7n 


='^«Vir' 


where  A  is  half  the  cross  section  of  the  coil  (cut  by  a  plane 
through  the  axis  of  the  coil)  expressed  in  square  millimetres  ; 

A,  the  absolute  conductivitv  of  the  wire  material  (H^=l  at 
0°C.); 

I  the  length  of  an  average  convolution  expressed  in  metres  ; 

s  the  magnetic  force  exerted  by  an  average  convolution  of 
the  coil  when  the  unit  of  current  passes ; 

c  a  coefficient  representing  the  manner  of  coiling. 

Hence  for  the  a  coil  we  have 

,    .-     /AV         /- 

Vials'  V«  ^^  —7^  =q  V«, 

for  the  b  coil 


»ib  =  S 


=  s^Wb\/-r,i^^rVb 


Dividing  ?/;&  by  nia,  and  remembering  that  by  condition 
=  /),  and  that  V  =  V,  c'  =  c/'  by  necessity,  we  have 


q      /  V  A' I"' 
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As  wo  have  supposed  that  tlie  inagnetic  action  of  any  ono 
cylindrical  coil  is  proportional  to  the  magnet ic  action*  of  an 
average  convolution,  it  is  also  consistent  to  })ut  ,s'  =  /',  and  we 
have  at  last 

A^'_l 

K't"  ~  2* 

If  now  the  two  bobbins  of  the  coils  a  and  h  are  taken  of 
equal  length,  and  if  the  thickness  of  the  a  coil  be  d',  the  thick- 
ness of  the  h  coil  d" ,  and  tlie  diani(?ter  of  the  iron  core  2)',  we 
have 

A^'  _  ^' 
A'"  d'' 
U  ={2r  +  d')7r, 
F={2{r  +  d')  +  d''\7r; 
{ir  +  d')d"  =  2dXr  +  d'). 
This  equation  fixes  the  relative  dimensions  of  the  two  bob- 
bins and  their  cores  in  order  to  have  v  =  .\  /  -. 

V  2 

Suppose,  for  instance,  we  make  d'=^d"  ai'bitrarily  f,  we  get 
2r=(/ ;  and  from  it  can  be  easily  calculated  that  the  diameter 
of  the  wire  of  the  h  coil  should  be  ahont  19  2?er  cent,  larger 
than  that  of  the  a  coil.  The  absolute  diameter  of  the  Avire  de- 
pends of  course  on  the  absolute  dimensions  of  the  bobbins,  and 
on  the  resistance  of  the  line  for  which  the  instrument  is  to  be 

*  Lenz  and  Jacobi  have  experimeutally  proved  tliat,  within  certain 
limits,  the  magnetic  force  exerted  by  a  convohitiou  on  its  centre  (iron 
core)  is  almost  independent  of  the  diameter  of  the  convolution.  These 
limits  are  generally  fulfilled  in  telegraph-construction.  Hence  the  mag- 
netic action  of  a  coil  can  be  put  proportional  to  the  magnetic  action  of 
one  convolution.  Theoretically  this  can  of  course  not  be  true  ;  for  the 
magnetic  force  exerted  by  a  convolution  necessarily  extends  on  both  sides 
of  the  plane  in  which  the  convolution  is  situated.  Therefore  the  wider 
a  convolution  is,  the  less  of  its  total  force  exerted  will  be  made  use  of  for 
producing  magnetism  in  the  iron  core,  and  consequently  the  force  exerted 
by  a  convolution  on  its  centre  must  decrease  with  the  diameter  of  the 
convolution.  It  appears,  however,  that  this  decrease  is  exceedingly  slow, 
and  in  the  present  investigation  it  is  considered  unnecessary  to  be  talcen 
into  account. 

t  I  have  not  been  able  to  find  anywhere  a  definite  law  which  connects 
the  diameter  of  a  coil  with  the  diameter  of  tlie  core  acted  upon.  In 
Siemeus's  relay,  an  instrument  so  well  considered  in  all  its  details  of  con- 
struction, the  "diameter  of  the  coil  is  about  three  times  the  diameter  of 
the  core.  In  the  absence  of  anj'  thing  else  on  the  subject  I  thought  my- 
self justified  in  using  this  proportion.  Hence  the  substitution  of  d'  =  d", 
■which  gives  d=2  r,  or  total  diameter  of  tlie  a  coil  equal  to  three  times 
the  diameter  of  the  iron  core. 
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used.  But  this  question,  altbougli  of  practical  importance, 
lias  nothing  to  do  with  tho  Theory  of  Duplex  Telegraph3% 
Tliis  settles  the  solution  of  the  first  problem  of  the  compensa- 
tion method. 

Other  methods. — There  have  been  suggested  from  time  to 
time  many  other  methods  of  duplex  working.  On  a  closer 
examination  it  will,  however,  be  found  that,  as  a  general  rule, 
they  do  not  differ  essentially  from  the  three  fundamental  me- 
thods treated  of.  I  shall  therefore  dispense  with  the  labour  of 
investigating  these  derived  methods. 

In  case  it  should  be  thought  necessary  to  investigate  them, 
no  difficulties  ought  to  be  met  with,  if  only  the  general  plan 
of  attacking  duplex  problems  be  remembered,  viz. : — draw  the 
diagram  of  the  method  in  its  most  general  form  ;  develop  the 
forces  p,  P,  and  Q ;  from  these  three  forces  determine  the 
functions  S  and  D  ;  find  the  relations  which  must  hold  between 
the  different  variables  (resistances  and  electromotive  forces) 
of  which  the  system  consists,  in  order  to  make  S  and  D  simul- 
taneous minima  ;  consider  the  question  of  immmediate  balance 
which  determines  also  the  best  mode  of  adjusting  balance ; 
consider  that  the  movement  of  the  key  must  not  alter  the  com- 
plex resistance  of  the  station  to  which  the  key  belongs,  i.  e. 
that  the  working  of  the  key  must  not  affect  the  balance  of  the 
distant  station  ;  determine  the  absolute  values  of  the  different 
variables  when  balance  is  rigidly  fulfilled  by  considering  the 
question  of  economy,  i.  e.  establish  the  relations  for  maxima 
currents  and  maxima  magnetic  moments.  Any  variables  which 
should  then  be  left  indeterminate  must  be  fixed  by  secondary 
considerations  and  by  certain  practical  conditions. 

Before  comparing  quantitatively  the  efficiency  of  the  three 
fundamental  methods  treated  of,  it  is  required  to  solve  two 
questions,  \\z.  the  electromotive  force  required  for  each  duplex 
method,  and  the  absolute  size  of  the  increments  of  the  adjust- 
able resistance. 

[To  be  continued.] 

LXIII.  Remarks  on  the  Discovery  of  Gallium. 
By  D.  Mendelejeff*. 

IN  1869  I  announced  the  following  periodic  law  : — "  Tlie 
properties  of  the  simple  bodies,  as  also  the  properties  and 
constitution  of  their  combinations,  are  periodic  functions  of 
the  atomic  weights  of  the  elements." 

Among  the  different  applications  of  that  law  I  shall  cite  only 
the  following  : — 

1.  This  law  constitutes  the  basis  of  a  complete  systematic 
classification  of  the  elements. 

*  Translated  from  the  Comptcs  Pwndus  by  M,  M,  Pattlsou  Muir. 
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oil:         M.  D.  Meudelejert' o/i  tlie  Dlseoceri/  of  Gallium. 

2.  The  poriodic  law  demands  a  change  in  the  atomic  weights 
of  certain  metals  which  have  not  as  yet  been  sufficiently  studied. 

Atomic  weights  of  the  metals 
and  IbrmultB  of  their  oxides. 
.\ . 


Old  numhery. 


Indium    , 7o  InO 


Numbers  pro- 
posed bj'  me, 


113  In,  O, 


Uranium 120  U,  ( ),      240UO3) 


Cerium     92CeO       138Ce,  O., 

CegO,  CeO./ 


Thorium llGThO      232ThO„ 


Yttrium  00  TO 

Erbium    lUErO 

Didymium  ?  or 
Lanthanum  ? 


OOY.O., 
iriEr^dg 

about  92  EO        138  R,0, 


f  The  specific  heat,  deter- 
mined by  Bunsen,  and 
likewise  by  me.  has 
confirmed  the  change 
(Bidl.  dc  VAcad.  Ht. 
Petershonrg,  vol.  viii. 
p.  45). 
f  Rammelsberg  and 

I  Roscoe  have  accepted 
j  the  change  {Ber.  der 
{  deut.  chem.  Ges.  vol. 
I  V.  p.  1003,  and  vol.  vii. 
I  p.  1131). 

f  The  specific  heat  of  the 

j     metal  {Bidl.  dc.  I'Acad. 

St.Petershoi(rg,\o\.\m.. 

J    p.  45)  and  the  consti- 

"j    tutionofitssalts(Lieb. 

Ann.  vol.  clxviii.  p.  46) 

appear  to  confirm  my 

[    proposal. 

f  Ohydenius  and  Delafon- 
J  taine  have,  previously 
1  to  me,  proposed  the 
[  same  alteration. 
fCleve  (Ber.  der  deut. 
J  chcm.  Ges.  vol.  viii. 
]  p.  129)  has  accepted 
i    my  formnla3  R^  O^ 


3.  The  periodic  law  indicates  vacancies  in  the  classificatory 
scheme  of  the  known  elements,  and  enables  us  to  predict  the 
properties  of  elements,  as  yet  undiscovered,  and  of  their  com- 
pounds. For  example,  there  are  two  vacancies  in  the  third 
and  fourth  groups  respectively  of  the  fifth  series  :  I  have  called 
the  unknown  elements  which  should  fill  these  vacancies  Eka 
ahmiinium,  El,  and  Eka  silicium,  Es. 

The  properties  of  eka  aluminium,  according  to  the  periodic 
law,  should  be  as  follows.  Atomic  weight  about  68  ;  formula 
of  its  oxide  EI2  O3 ;  its  salts  have  the  general  formula  El  X3. 
Thus,  for  example,  the  chloride  of  eka  aluminium  Avill  beElCIs; 
on  analysis  it  will  yield  39  per  cent,  of  metal  and  Gl  of  chlo- 
rine ;  and  it  will  be  more  volatile  than  ZnCL. 

The  sulphide,  EI2  S3,  or  the  oxysulphide,  EI2  (S,  0)3,  ought  to 
be  precipitable  by  sulphuretted  hydrogen  and  to  be  insoluble 
in  ammonium  sulphide.     The  metal  will  lie  easily  obtained  by 
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roilnetion  ;  its  density  will  bo  about  5'1),  its  atomic  vulumo 
about  11'5  ;  it  will  be  fusible  at  a  somewhat  low  tempeniture. 

It  will  not  oxidize  in  air  ;  it  will  decompose  water  at  a  red 
heat.  The  pure  metal  will  not  be  easily  attacked  by  acids  or 
by  alkalies.  The  atomic  yoluine  of  the  oxitle,  EI2  O3,  will  be 
about  5'5  :  this  oxide  will  be  solul)le  in  the  stronffer  acids  ;  it 
will  form  an  anu)r[)hous  hydrate  insoluble  in  water,  but  dis- 
solved by  acids  and  ])y  alkalies. 

The  oxide  of  eka  aluminium  will  form  neutral  and  basic  i^nMii^ 
EI2  (OH .  X),;,  but  not  acid  salts  ;  the  alum,  El  K  (SO.^s  12  H2O, 
will  be  more  soluble  and  less  crystallizable  than  the  corres})ond- 
ing  aluminium  salt.  The  basic  ])roperties  of  EI2  O3  will  be 
more  distinct  than  those  of  AU  0-,  but  not  so  marked  as  those 
of  ZnO ;  it  will  belong  to  that  group  of  oxides  which  are  pre- 
cipitable  by  barium  carbonate.  The  volatility  and  other  pro- 
perties of  the  salts  of  eka  aluminium  stand  midway  between 
those  of  the  salts  of  aluminium  and  of  indium  :  it  is  probable 
that  the  metal  in  question  will  be  discovered  by  means  of  spec- 
tral analysis,  as  was  the  case  with  indium  and  thallium. 

The  characteristics  of  eka  ahnninium  were  deduced  from  a 
consideration  of  the  place  occui)ied  by  this  hypothetical  ele- 
ment in  the  periodic  system  : — 

Q    .  2nd  3rd  4tli  5tli 

pTOup.       group.       group.       group. 

3.     .     .     Mo-         Al         Si  P 


2nd 

3rd 

4tli 

"TOUp. 

group. 

group, 

Mg 

Al 

Si 

Zn 

El 

Es 

Cd 

In 

Sn 

5.     .     .     Zn  El  Es  As 

7.     .     .     Cd  In  Sn  Sb 

It  ought  to  be  remarked  that,  previous  to  the  discovery  of 
the  periodic  law,  it  was  not  possible  to  predict  the  existence 
or  to  foretell  the  properties  of  undiscovered  elements. 

M.  Lecoq  de  Boisbaudran  has  discovered,  by  means  of  spec- 
tral analysis,  the  existence  of  a  new  element  in  the  blende  of 
Pierrefltte  (Pyrenees)  ;  to  this  element  he  has  given  the  name 
of  gallium.  The  manner  of  its  discovery,  the  process  for  its 
separation  (precipitation  hy  sul})huretted  hydrogen  before  zinc), 
and  certain  of  its  proi)erties  (precipitation  by  barium  carbonate, 
solubility  of  the  hydrate  in  annnonia,  degree  of  volatility,  &c.), 
make  it  probable  that  the  new  metal  is  no  other  than  eka  alu- 
minium. 

If  subsequent  researches  confirm  the  identity  of  tlu^  pro- 
perties of  gallium  with  those  which  I  have  pointed  out  as  be- 
longing to  eka  aluminium,  the  discovery  of  this  element  Avill 
furnish  an  interesting  example  of  the  utility  of  the  periodic 
law.  Let  us  hope  that  the  discovery  of  eka  silicium,  Es=72, 
Es02,  the  probable  properties  of  which  I  have  detailed  in  Lie- 
big's  Annalen,  vol.  viii.  (Suppl.)  ]>,  171,  will  not  be  long  de- 
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layed.     It  should  be  searched  for  more  especially  as  associated 
■svith  arsenic  and  with  titanium. 

Note  hy  the  Translator. 
Since  the  publication  of  M.  Mendolejeff 's  paper  the  disco- 
verer of  gallium  has  made  known  the  results  of  further  re- 
searches upon  the  properties  of  this  metal  and  of  its  compound. 
He  finds  that  the  salts  of  gallium  have  most  probably  the 
general  formula  Ga  X3,  that  the  oxide  is  best  represented  by 
tlie  formula  Gag  O3,  that  ammonia  precipitates  solutions  of  the 
chloride  and  sulphate  of  gallium  probably  with  formation  of  a 
hydrate,  that  this  precipitate  is  soluble  in  acid  and  in  alkali, 
that  gallic  ammonio-alum  is  a  crystalline  salt  almost  certainly 
isomorphous  with  ordinary  alum.  M.  Lecoq  de  Boisbaudran 
also  tinds  that  metallic  gallium  may  be  readily  obtained  by  the 
electrolysis  of  an  ammoniacal  solution  of  the  sulphate,  that 
the  metal  is  not  oxidized  in  air  at  200°,  and  that  it  readily 
decomposes  acidulated  water,  especially  at  high  temjjeratures. 
In  these  respects  gallium  appears  to  correspond  with  the  hy- 
pothetical eka  aluminium  of  M.  Mendelejeft".  Determinations 
of  the  atomic  weight  and  of  the  specific  heat  of  the  new  metal 
will  be  awaited  with  great  interest. 


LXIV.  On  Unitation. — VI.  Some  of  the  AjypUcations  and  De- 
velopments of  the  General  Formula  (continued).  By  W.  H. 
Walenn,  Mem.  Phys.  Soc. 

[Coutinued  from  S.  4.  vol.  1.  p.  527.] 

18.  rS'lHE  decimal  equivalents  of  all  reciprocals  of  the  form 

1^  _-■  have  the  terminal  figure  of  their  period  equal 

to  1.  This  is  manifest  from  the  fact  that  1  must  be  the  re- 
mainder when  the  period  recommences  ;  for  the  condition  of 
recurrence  is  that  the  dividend  is  the  same  as  that  which,  in 
the  operation  of  division,  commences  the  work,  and  this  is  uni- 
formly, in  the  case  of  reciprocals,  10  or  some  power  of  10.    In 

the  case  of  reciprocals  of  the  form  r-7% t?  the  fjroduct  of  the 

figure  in  the  quotient  which  is  the  terminal  figure  of  the  period 
must  have  its  function  Uxo/  (/  being  the  product)  equal  to  9, 
because  this  product  has  always  to  be  subtracted  from  a  num- 
ber which  has  its  unitate  to  the  base  10  equal  to  10.  But  the 
denominator  itself  of  the  reciprocal  is  the  only  multiple  which 
has  its  unitate  to  the  base  10  equal  to  9  ;  therefore  the  said 
terminal  figure  is  1. 

19.  To  put  a  portion  of  the  theorem  illustrated  in  art.  17* 
*  Phil.  :\ing'.  [IV.]  vol  1.  p.  520. 
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into  definite  language  : — The  decimal  equivalents  of  reciprocals 

of  the  fonn  z-p: =-  may  be  constructed,  without  the  aid  of  di- 

10a  — 1       -^ 

vision,  from  the  right-hand  end  of  the  period,  solely  hy  means 
of  the  multiplier  a,  this  multiplier  being  used  to  obtain  tho 
next  figure  towards  the  leit  from  tho  ]irevious  one  as  a  multi- 
plicand, and  adding  in  tho  tens'  digit  that  may  be  carried  from 
the  previous  product. 

Expanding  the  formula  -.      __-.,  by  division,  it  becomes 


10a  "^  (lOa)-  ^  (lOa)^  t  .  •  •  -r  ^^^^^n-a  "^  (^iQay-i  ^  (IQa)"' 

n  being  the  number  of  figures  in  the  recurring  period  of  the 
decimal.     By  art.  18,  it  has  been  proved  that  the  last  term, 

1        _    10a__io 
(10a)"-»  ~  (10a)«  ~        ' 

and  the  series  (commencing  from  the  right-hand  term)  becomes 

. . .  +  (10a)*  +  (10a)3  +  (lOa)'-^  +  10a  + 1. 

The  above  theorem  is  thereby  proved  in  relation  to  reciprocals 
that  have  two  figures  in  the  denominator,  a  being  the  multi- 
plier therein  mentioned.  By  exactly  similar  reasoning,  the 
theorem  may  be  extended  to  reciprocals  having  more  than  two 
figures  in  the  denominator. 

20.  In  regard  to  the  remainders  to  the  division  that  forms 

the  reciprocal  jr. = ,  by  taking  an  example,  the  relation  of 

the  unitates  (to  the  base  10)  of  these  remainders  to  the  figures 
in  the  quotient  will  be  distinctly  seen  to  be  as  follows : — 

30)l-0OO000C62564i 

78_ 

220 
195 


250 
234 


160 
156_ 

4O 
9 

1 

2  02 
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Tliat  is,  Uio  )•  (r  being  the  remainders  obtained  by  subtracting 
the  products,  in  the  usual  way  of  division,  from  the  remainders 
previously  obtained)  is  always  the  same  as  the  figure  in  the 
quotient  which  belongs  to  the  previous  product.  This  is  a 
consequence  of  Uio9/i  being  the  series  9,  8,  7,  G,  5,4,  3,  2,  1 — 
that  is,  complements  to  10  of  their  multipliers  n. 

21.  Accordhig  to  another  way  of  regarding  like  operations 
to  that  set  forth  in  art.  20,  to  have  1  remainder,  39  nmsthave 
been  subtracted  from  40,  giving  1  for  the  last  figure  in  the 
quotient;  and  the  4  requires  6  to  Ije  the  unitate  (to  the  base  10) 
of  the  product  that  gives  the  next  figure,  to  the  left  hand,  in 
the  quotient.  The  only  product  of  39  that  gives  that  unitate  is 
156  (  =  39.4),  giving  4  for  the  penultimate  figure  in  the  quo- 
tient, and  so  on  towards  the  left  hand  for  the  other  figures  in 
the  quotient  by  sim})]e  inspection  of  the  function  Uio39/i  (n 
being  the  digital  multipliers  of  39)  ;  thus  division  is  performed, 
by  means  of  unitation,  in  the  opposite  direction  to  that  of  the 
ordinary  operation. 

22.  Reciprocals  of  the  form         _    have  7  for  the  last  figure 

1  1 

of  their  period  ;  for  the  function  --— -- ==7._-__  (the  symbol 

U^'a'  being  read  "  the  number  whose  unitate  to  the  base  8  is 

equal  to  .r"),  and  (art.  18)  ^-._^„  has  1  for  the  terminal  figure 

of  its  period.  The  multipliers  to  construct  these  reciprocals 
from  right  to  left  are  comprehended  in  the  arithmetical  series 
5,  12,  19,  26,  &c,,  the  corresponding  denominators  being  7, 
17,  27,  37,  &c.    That  this  is  the  series  is  evident  (art.  19)  from 

the  equations,  ^=7.7^...  having  multiplier  4  + 1,^^  =  1. j^K'  •  • 

having  multiplier   11  +  1,  ^=7.r— ^...    having   multiplier 

18  +  1,  and  so  on. 

Taking  Uio^'  to  mean  the  same  as  put  forward  in  reference 

to  reciprocals  of  the  form  :rj~ —  (art.  20),  but  having  relation 
only  to  reciprocals  of  the  form  r^r ^,  Uior  may  be  made  to 

yield  the  figures  of  the  quotient  in  the  case  -^-k ^  by  multi- 

10;i — o     " 

plication  by  7  ;  this  is  a  manifest  result  from  the  equation 
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Tlic  series  for  pcrforniino;  Iho  division  to  ol)tain  llip  period 
by  means  of  nnitation  (art.  21)  is  that  of  Ui,,7yt=7,  4,  1,  S. 
h,  2,  0,  (>,  3,  10. 

23.   Similarly  for  reciprocals  of  the  form  ,— -.     Since 

lOu— / 

TT-iQ  =  '^- TT   lo 7  tb^so  reciprocals  have  3  for  the  last  fi oure 

of  their  period.  The  multipliers  to  construct  these  reciprocals 
from  right  to  left  are  comprehended  in  the  arithmetical  series 
1,  4,  7,  10,  &.C.,  the  correspondino;  denominators  being  3,  13, 
23,  33,  A:c.  In  this  case  the  function  Uio>'  yields  the  figures 
of  the  quotient  by  multiplication  l)y  3,  and  the  series  for  per- 
forming the  division  inversely  is  that  of  Uio3n  =  3,  6,  9,  2,  5, 
8,  1,  4,  7,  10. 
Also  by  similar  processes  to  the  above,  reciprocals  of  the 
1 

form  T7T ^  are  found  to  have  9  for  the  last  figure  of  their 

lOn  — y  ^ 

period.  The  nuiltipliers  to  construct  them  from  right  to  left 
are  comprehended  in  the  arithmetical  series  10, 19,  28, 37,  &c., 
the  corresponding  denominators  being  H,  21,  31,  41,  &c.  The 
function  Uio?"  yields  the  figures  of  the  quotient  by  multiplica- 
tion by  9 ;  and  the  series  for  performing  the  division  inversely 
is  that  of  Uiolln=l,  2,  3,  4,  5,  6,  7,  8,  9,  10. 

The  other  forms  of  reciiirocals  are  -:r-R ?«'  tt: .?  -r-. p, 

10/1—2   lOn— 4    lOn  — 5 

vTc ;tj  and -^r-r 5.    Whcu  reduced  to  decimals,  these  are 

lOn.— 0  lOn— o  ^ 

either  finite,  or  they  can  be  derived  from  the  fonu  -r— bv 

'  -^  lOw  — 1     ^ 

multiplication  or  division.     For  instance,  -^  =  '015625,   and 

.    r>   .,        L-JL-1    J_  _^i   J^       1  _    1    _1    1 
istmite;   .^-  ^.27"  2  '  189  ~^  '  189  '   72~8.9~8'9' 

All  other  decimal  equivalents  that  are  derived  from  fractions, 
being  inultiples  of  reciprocals,  can  be  obtained  by  multiplica- 
tion in  connexion  with  one  of  the  above  methods. 

The  employment  of  unitation  to  investigate  the  constitution 
and  properties  of  decimal  equivalents  derived  from  fractions 
shows  the  analytical  poAver  of  unitation,  and  points  out  another 
method  of  checking  calculations  into  which  recurring  decimals 
enter. 

74  Brecknock  Road,  N., 
April  1876. 

[To  be  coutiuued.] 
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LXV.  Notices  respecting  New  Boohs. 

'  Rdiqnice  Ar/uikiniccv'  hehig  coninbutions  to  the  Archceohg>/  and 
Pidcvontolog}!  of  Perigord,  Sfc.  Bg  Edouabd  Laetet  and  Henby 
Chbisty.  Edited  by  Professor  T.  Rupert  Joxes,  FM.S.,  F.G.S. 
4to,  Illustrated,  1865-75.     "Williams    and    Norgate,  London. 

(~\V  the  many  discoveries  relating  to  Archaic  man  and  his  sur- 
^^  rouudings  which  haA'^e  of  late  years  been  made  and  described, 
none  have  been  more  fully  and  carefully  examined  than  the  Tro- 
glodytic  relics  from  the  caves  in  the  valle}^  of  the  Dordogue,  In 
none  have  the  finds  been  more  complete,  more  varied,  or  more 
interesting ;  in  none  has  the  enthusiastic  scientific  interest  of  an 
able  series  of  observers  been  more  fully  evidenced. 

The  work  has  passed  through  many  hands.  First,  it  was  the 
intention  of  the  late  Mr.  Henry  Christy,  AAdth  the  hearty  coopera- 
tion of  M.  Edouard  Lartet,  to  produce  a  work  descriptive  of  the 
results  of  their  personal  labours,  which  should  be  useful  to  the 
Anthropologist  and  Archaeologist  alike.  But  the  former  gentle- 
man's lamented  death  hindered  the  continued  exhaustive  examina- 
tion of  the  caves ;  and  though  his  executors  wei'e  fully  desirous  of 
carrying  out  his  wishes  in  the  question,  still  his  loss  to  some  ex- 
tent prevented  the  work  reaching  those  dimensions  which  its  ori- 
ginal promoter  ardently  desired.  ISor  Avas  this  the  only  check  the 
history  received.  M.  Edouard  Lartet,  on  whom  the  prosecution 
of  the  work  now  mainly  devohed,  passed  away,  and  with  him  the 
opportunity  for  the  completion  of  a  careful  description  of  the  mam- 
malian remains  of  which  he  was  so  able  a  judge. 

Notwithstanding  these  unavoidable  drawbacks,  the  work  was 
continued  by  Professor  T.  Rupert  Jones,  F.R.S.,  to  whose  care- 
ful and  painstaking  editing  the  completion  of  Mr.  Christy's  plan 
is  due ;  and  the  book  as  it  stands  is  a  noble  monument  of  MM. 
Christy  and  Lartet.  Its  general  arrangement,  whereby  not  merely 
the  relics  of  the  Cave  Polk  have  been  described,  but  their  uses 
■  have  been  suggested,  comparisons  made  with  the  habits  and  cus- 
toms of  known  savage  races,  and  monographs  by  able  hands  added 
when  necessary,  making  the  history  of  these  siiigular  people  as 
complete  as  conjecture  based  on  sound  reasoning  could  make  it. 

The  ancient  province  of  Aquitania,  originally  l^'ing  between  the 
Garonne,  the  sea,  and  the  Pyrenees,  was  finally  extended  to  the 
Loire,  and  subdivided  iuto  three  districts,  vAth.  Avaricum  (Bourges), 
Burdigala  (Bordeaux),  and  Elusa  (Eauze)  as  their  capitals. 

The  explorations  examined  in  the  book  refer  to  only  a  portion  of 
this  area,  viz.  that  part  of  Perigord  in  which  lies  the  department 
of  Dordogne. 

Pollomng  the  railway  from  Orleans,  through  Limoges  and  Peri- 
gueux,  the  vallej^  of  the  Vezere,  a  tributary  of  the  Dordogne,  which 
again  is  an  affluent  of  the  Garonne  on  its  right  bank,  is  finally 
reached ;  and  here  the  hitherto  undulating  country  undergoes  a 
marked  change.     The  valley  is  bounded  by  steep  escarpments,  in 
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which  the  grOcat  flutings  and  projecting  cornices  of  rock  show  liow 
tlie  eroding  action  of  weatlior  lias  taken  advantage  of  tlie  relative 
hardness  of  the  limestone  bauds.  These  beds  are  very  nearly  hori- 
zontal, but  dip  slightly  towards  the  north-west ;  and  the  irregular 
action  of  the  weathering  or  destroying  agent  has  therefore  pro- 
duced at  many  places,  both  at  high  and  low  levels,  caves  and  rock 
shelters  in  wliich  the  ancient  dwellers  of  the  valley  lived.  Thus 
the  cave  at  Les  Eyzies  is  100  feet  above  the  river-level,  and  Le 
Moustier  90  feet,  while  others  again  are  but  little  above  the  level 
of  the  extraordinary  inundations  of  the  Yezere,  though  now,  owing 
to  the  accumulation  of  a  talus  of  limestone  debris,  the  entrances 
are  often  completely  hidden,  as  in  the  Cro-Magnon  cave,  the  dis- 
covery of  which  ^^•as  accidentally  made  during  the  construction  of 
a  railway  approach. 

The  excavations  and  discoveries  were  made  at  six  places :  at 
Laugerie  Haute,  Laugerie  Basse,  Le  Moustier,  Gorge  d'Enfer, 
and  La  Madelaine  were  rock  shelters ;  at  Le  Moustier,  Les  Eyzies, 
Gorge  d'Enfer,  and  Cro-Magnon  were  caves ;  and  in  all  these 
numerous  relics  of  human  occupation  and  quantities  of  mammalian 
and  other  bones  were  found  buried  and  concealed,  sometimes  under 
successive  layers  of  stalagmite,  sometimes  under  masses  of  earth 
and  detritus,  resulting  from  the  destruction  of  the  rocky  roof  of 
these  ancient  dv.ellings. 

The  method  whereby  these  hollows  thus  became  places  of  bone- 
deposit  had  been  long  a  subject  for  conjecture.  Some  attributed 
it  to  the  action  of  wild  beasts  who  made  these  caves  their  laii's  ; 
others  deemed  the  action  of  torrent-water  washing  dowii  the  re- 
mains of  animals  and  filling  these  hollows  a  sufficient  cause ;  but 
that  Alan  has  had  more  to  do  with  this  infilling  of  the  cave-stuff  is 
fidly  proved  by  the  evidences  of  human  work  and  art  in  the  relics 
he  left  behind.  The  first  suggestion,  that  they  were  Hyrona-lairs, 
may  be  dismissed  at  once,  as  no  gnawed  bones  were  found  among 
the  debris  ;  and  this  probably  further  indicates  that  the  ancient  in- 
habitants had  some  means  of  closing  the  entrances  against  such 
intruders. 

The  relics  described  and  pictured  are  chiefly  of  stone,  bone,  and 
antler,  with  some  of  ivory,  and  a  few  shells  and  other  ornaments. 
The  particular  prehistoric  age  or  horizon  to  which  these  may  be 
referred  can  be  more  or  less  easily  detei*mined.  There  are  three 
great  periods  into  which  prehistoric  time  is  usually  divided  : — the 
surface-period,  where  implements  are  found  associated  with  tombs 
and  places  of  sepulture ;  and  here  the  relative  age  of  each  lies  within 
the  province  of  the  archaeologist.  The  Cave-period,  previous  to 
the  construction  of  regular  habitations  for  the  living  or  tombs  for 
the  dead,  offers  with  the  implements  only  bones  of  animals  whereby 
the  paljeontologist  can  estimate  their  antiquity.  Then  the  drift- 
period  carries  us  further  back  still  in  time  ;  and  here  the  ruder 
implements  ai"e  rarely  definitely  associated  with  bones,  there  are 
no  other  human  relics  to  guide  us,  and  the  determination  of  their 
age  therefore  rests  only  with  the  geologist :  many  of  the  older 
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caves,  however,  belong  to  this  era,  as  may  be  detennuied  by  the 
nature  of  their  contents. 

Even  these  great  periods  have  their  minor  subdivisions.  Witli 
the  first  and  last  we  liave  nothing  to  do  ;  but  the  ca\e-d\vellers  of 
tliis  area  have  a  some^^■hat  definite  boundary.  They  were  Kein- 
deer-hunters.  This  is  the  true  basis  on  winch  the  age  of  these 
Troglodytes  can  be  formed.  In  the  "  drift "'  the  rough  flint  tools 
are  associated  with  the  Mammoth  and  Ivhinoceros,  the  Horse  and 
the  Ox,  but  the  Reindeer  is  rare.  In  some  caves  the  Eeindeer 
bones  predominate;  but  the  implements  are  chipped,  not  polished, 
there  ai'e  no  traces  of  spinning  or  the  use  of  vegetable  fibre,  and, 
though  the  Horse  and  Aurochs  remain,  the  Mammoth  is  becoming 
rare.  In  the  kitchen-middens  of  Denmark  the  Eeindeer  has  disap- 
peared, and  the  dog  has  become  man's  companion  ;  while  in  the  Swiss 
dwellings*,  and  later  still  in  the  Cromlechs,  polished  stone,  spindle 
whorls,  and,  finally,  metal  ornaments  and  weapons  show  the  gra- 
dual advance  of  art  and  civilization. 

And  yet  far  back  in  time  as  these  ancient  hunters  of  Perigord 
must  have  liAed,  the  '  Eeliquia;  Aquitanicje '  show  most  clearly  that 
they  had  attained  a  knowledge  of  art  and  even  decoration  of  no 
mean  description,  considering  the  primitive  nature  of  the  imple- 
ments they  had  in  use.  Thus  the  deposits  consisted  of  accumula- 
tions of  broken  bones,  pebbles  from  the  neighbouring  stream, 
countless  chips  of  flint,  with  the  cores  from  which  they  were  struck, 
implements  of  bone  and  horn,  arrow-heads  and  needles,  all  buried 
in  a  debris  mixed  with  charcoal  to  a  depth  of  even  10  feet  in  some 
cases,  over  an  area  60  or  70  feet  long. 

There  are  some  slight  differences  in  the  nature  of  the  deposits 
in  the  various  caves,  though  that  is  not  in  itself  of  necessity  an 
evidence  of  difference  of  age  ;  for  that  other  animals  than  the  Rein- 
deer were  coeval  m  ith  it  at  the  period  of  occupation  of  the  Vezere 
valley,  is  evidenced  by  the  excellent  sketches  and  sculptures  from 
the  bones  at  Les  Eyzies,  Laugerie  Basse,  and  La  Madelaine,  which 
must  have  been  drawn  from  an  intimate  knowledge  of  the  animals 
depicted. 

Thus,  though  the  Eeindeer,  Horse,  and  Aurochs  are  the  chief 
sources  of  food-supply,  there  is  less  of  the  first-mentioned  at 
Laugerie  Haute  and  Le  Moustier  ca-\  e ;  and  at  the  latter  are  bones 
of  the  Lhphas  jirimiijenius,  the  Hvjcna,  and  Felis  sj'^elaa.  Still 
the  Troglodytes  did  not  fare  badly  in  quantity  or  quality;  for 
bones  of  Ibex  and  Chamois,  Birds  and  Salmon  lie  among  the  refuse 
heaps  ;  and  inasmuch  as  many  of  the  smaller  bones  still  remain 
articulated,  it  is  evident  that  there  was  not  such  lack  of  food  as  to 
render  close  eating  necessary.  Nor  were  they  ignorant  of  com- 
merce, art,  and  decoration,  Eock-crystal,  which  does  not  occur  in 
the  neighbourhood,  and  fossil  shells  from  the  Baluns  of  Touraine, 
one  hundred  miles  away,  indicate  that  they  had  some  communica- 
tion with  the  outer  world ;  and  at  Cro-Magnon  the  presence  of  sea 

*  The  Eeiudeer  formerly  existed  in  the  neighbourhood,  as  the  drawing 
of  a  Eeindeer  from  the  Kesslerloch  cave  indicates. 
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shells,  common  on  the  sliorcs  of  La  Charcnto,  point  out  that  this 
family  at  least  had  ascended  the  valley  of  the  Dordogne  after  a 
sojonrn  on  tlie  Atlantic  coast. 

Personal  decoration  is  instanced  by  finding;  pieces  of  "  soft  red 
lia'matite  covered  \\  ith  scrati-hes,"'  indicating  how  a  red  powder  was 
produced  "which  mixed  with  grease  would  furnish  as  good  means 
of  personal  adornment  as  is  emploj-ed  by  many  of  the  Indians  of 
the  present  day  ;"  and  pierced  teeth  of  various  animals,  sometimes 
marked  with  incised  markings  and  cai'ved,  together  with  shells  drilled 
for  suspension,  may  well  have  furnished  necklaces  or  ornaments 
Mhich  can  easily  find  their  analogue  among  I'lsquimaux  or  Indians 
of  modern  times. 

But  it  is  in  the  actual  implements  of  war,  chase,  and  domestic 
life  that  the  researches  have  been  most  detinite.  The  materials 
used  were  bone  and  stone,  the  latter  generally  tlint,  the  former  of 
difPerent  kinds. 

The  flint  implements  varied  much  in  style  and  cliaraeter.  Some 
were  finely  and  delicately  chipped  to  form  arrow-heads  aud  oval 
lances  of  true  Scandinavian  type,  as  at  Laiigerie  Basse.  Others, 
as  at  Le  Moustier,  more  nearly  approach  the  drift-type  of  St. 
Acheul  in  roughness  of  make,  being  mere  blocks  of  flint,  one  side  of 
which  has  been  reduced  by  chipping  to  a  cutting  edge,  forming 
either  a  tool  for  splitting  open  the  marrow  bones  (which  among  all 
the  hearth-stuff  of  the  caves  are  found  so  broken  in  profusion),  or 
as  hand  \\eapons  for  close  combat  in  a  melee.  Manifestly  what 
could  split  the  skull  of  an  animal  carried  to  the  cave  for  the  pur- 
pose of  extracting  the  brain,  could  with  equal  facility  be  made  to 
crack  a  human  skull  of  similar  density.  Long  even  flakes  of  flint 
with  their  extremities  chipped  into  an  oval  form,  thnmb-flints,  fitting 
conveniently  to  the  grasp,  were  used  evidently  in  dressing  skins,  or 
as  raspers  aud  scrapers  of  wood  and  bone,  though  possibly  those 
which  bear  marks  of  wear  and  minute  crushing  or  chipping  along 
the  side,  and  hence  turned  "  side  scrapers,"  were  better  for  the 
latter  purpose.  The  flakes  therefore  bear  marks  of  wear  in  three 
ways : — first  at  the  end,  which  is  rounded  artificially,  the  other  being 
left  pointed  ;  next  at  the  side,  the  rest  of  the  flake  being  untouched; 
and  lastly  at  the  point,  on  one  or  both  sides.  This  latter  form  may 
have  been  produced  in  two  Avays — either  by  scraping  a  round  sub- 
stance like  an  arrow-shaft,  in  which  case  it  becomes  a  more  or  less 
complete  notch,  or  as  a  drill  used  for  piercing  the  eyes  of  the 
needles,  or  other  holes  in  wood  and  other  materials. 

These  all  have  their  representatives  in  implements  of  existing 
savage  tribes;  and  much  care  has  been  taken  in  the  book  to  institute 
these  compari-^ons,  and  so  build  u])  an  hypothesis  based  on  what  is 
actually  known.  The  Esquimaux  lydite  scraper  and  the  Kew- 
Caledonian  obsidian  lance-hcad  shown  at  p.  14,  can  be  exactly 
paired  by  implements  from  the  ca\e  shelters  of  Pcrigord.  The 
side  scrapers  are  moi*e  common  in  the  Le  Moustier  caves,  the  other 
rock  shelters  providing  articles  of  a  higher  degree  of  finish.  In 
some  instances  the  rough  chipping  has  been  extended  all  round  the 
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flake,  especially  in  the  thicker  kinds,  producing  a  form  exactly  similar 
to  the  modern  briquet  or  "  strike-a-light "  used  in  France  and  else- 
where. These  always  fit  easily  to  the  left  hand,  and  arc  tit  for  nse 
Nvit^h  pyrites  and  tinder  even  now;  and  here  again  a  full  description 
of  the  modern  method  of  using  these  implements  is  given,  to  furnish 
argument  for  the  assumption  that  these  ancient  chipped  flints  were 
made  for  a  specific  purpose. 

As  before  remarked,  the  vast  majority  of  the  worked  stones  are 
of  flint,  which,  owing  to  their  conchoidal  fracture,  can  readily  be 
flaked  or  knapped  so  as  to  produce  a  cutting  edge,  especially  if  the 
chips  be  removed  from  alternate  sides  of  the  implement,  thus  pro- 
ducing that  wavy  regular  edge  which  is  the  best  test  of  intentional 
work.  But  a  considerable  unmber  of  rounded  water-vrorn  blocks 
of  hard  rock,  snch  as  granite  and  quartzite,  have  been  found  at  La 
Madelaine  and  Les  Eyzies ;  and  these,  var}nng  from  2  to  8  inches  in 
breadth,  ha^■e  invariably  a  rounded  excavation  of  varying  depth  on 
one  side.  These  may  have  been  in  some  instances  mortars,  as 
suggested,  in  which  materials  could  be  rubbed  or  pounded ;  but  there 
may  be  another  use  to  which  these  stones  could  be  put.  In  one  of 
the  excellent  papers  detailing  the  method  of  procedure  adopted  by 
Esquimaux  and  others  for  chipping  the  edges  of  the  arrow-heads, 
Capt.  Sir.  E.  Belcher  says  that  the  workmen,  "  selecting  a  log  of 
Mood  in  which  a  spoon-shaped  cavity  was  cut,  placed  the  splinter 
to  be  worked  over  it,  and  by  pressing  gently  along  the  margin 
vertically  (Avith  an  implement  of  hard  reindeer  horn),  first  on  one 
side  and  then  on  the  other  as  one  v."onld  set  a  saw,"'  produced  finally 
the  desired  serrate-edged  arrow-head.  Whether  this  hard  material 
would  answer  the  same  purpose  as  the  softer  block  of  wood  is  a 
matter  of  conjecture ;  but  as  many  of  the  hollows  seem  too  small  for 
mortars,  it  is  possible  they  may  have  had  some  such  use. 

Le  Moustier  has  been  the  only  cave  producing  ovate  implements 
of  the  type  common  in  the  valley-gravel  of  the  Somme,  and  having 
the  same  glaze;  but  in  the  other  caves  more  delicately  chipped  lance- 
heads,  flakes  of  a  finer  character,  and  even  semilunar  neatly  dressed 
implements  of  Danish  type  are  common  in  the  caves  of  Laugerie 
Haute  and  the  Gorge  d'Enfer. 

But  it  is  in  the  implements  of  bone  that  the  discoveries  have  been 
peculiarly  rich,  both  from  the  artistic  and  finished  nature  of  the 
specimens,  and  from  the  excellent  drawings  which  ornament  some 
of  them. 

The  materials  are  usually  reindeer  horn,  though  other  bone  ma- 
terial is  occasionally  employed  ;  and  the  implements  are  of  various 
kinds,  from,  the  delicate  bone  needle  with  oval  eye  (which  in  some 
cases  has  been  renewed  lower  down  when  the  first  eye  was  broken) 
to  long  pointed  dart-heads  and  barbed  harpoons.  These  latter 
are  precisely  similar  to  those  in  use  among  the  Esquimaux ; 
and  at  the  lower  end  the  bone  has  been  so  pared  away  as  to  leave 
a  projecting  boss  or  ring,  which  may  have  been  designed  both 
to  prevent  the  head  from  being  thrust  too  far  into  the  shaft 
at  the  risk  of  breaking  or  splitting  it  with  the  force  of  the  blow, 
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and  as  the  place  of  attachment  of  one  end  of  a  lanyard  of  sinew 
thong,  or  grass  string,  the  other  being  attached  to  the  shaft  itself,  so 
that  the  latter,  as  in  the  arctic  regions,  might  form  a  buoy  if  the 
hai'poou  head  Averc  buried  in  the  iish.  That  such  may  have  been 
their  use  is  suggested  by  the  sketches  of  iishes  which  ornament 
some  of  the  weapons. 

But  the  most  interesting  articles  in  the  collection  are  the  long 
implements  of  reindeer-horn  pierced  with  several  large  equidistant 
holes  and  ornamented  by  linear  carving  or  rows  of  animals,  and  a 
long  dagger  poignard  of  deer-horn,  the  handle  of  which  is  artistically 
carved  into  the  shape  of  a  reindeer.  The  former  may  have  been 
arrow-straight eners,  game  clubs  (Pogamagaus),  or  even  batons  of 
office.  It  is  difficult  to  assign  any  other  use  to  them.  Those  that 
are  much  perforated  were  evidently  not  weapons;  and  the  care  taken 
in  the  oniameutation  would  seem  to  indicate  that  they  were  either 
worn  as  ornaments  or  carried  in  the  hand. 

The  needles  are  carefully  made  and  scraped  or  polished  to  a 
smooth  surface,  either  with  the  iiakes  ("  side  scrapers,"  which  would 
account  for  the  large  number  of  used  specimens),  or  by  rubbing  on 
a  stone  ;  and  indeed  several  stones  are  figured  the  long  narrow  fur- 
rows of  which  are  exactly  suitable  for  such  a  purpose. 

The  sketches  and  markings  are  most  various  and  suggestive. 
Many  of  them  are  probably  owner-marks,  or  mere  attempts  at  de- 
coration in  an  idle  moment;  and  others  may  from  their  regularity  be 
tallies  or  the  marks  of  gambling-tools,  A  most  interesting  paper 
in  support  of  this  view,  and  furnishiiig  numerous  authentic  exam- 
ples of  markings  for  a  similar  purpose,  is  contributed  by  the  Editor, 
which  throws  considerable  light  on  the  possible  intention  of  similar 
obscure  or  in  themselves  meaningless  marks. 

The  animals  sketched  on  the  various  fragments  afford  the  most 
reliable  means  of  discovering  some  of  the  habits  of  this  ancient  race. 
Ibex,  deer  and  reindeer,  ponies  with  heavy  heads  (the  truthfulness 
of  which  has  since  been  proved  by  the  discovery  of  equine  skulls 
identically  similar  in  character),  carp  and  pike,  the  human  figure, 
a  gloved  hand  resembling  the  embroidered  mitten  of  the  Esquimaux, 
and,  lastly,  the  great  shaggy  mammoth,  Elephas  pririu<jenius,  are 
depicted,  generally  Mith  distinctness,  fi-equently  with  a  boldness 
and  accuracy  of  outline  that  is  all  the  more  extraordinary  inasmuch 
as  the  sole  graver  the  ancient  artist  had  was  a  flint  flake,  his  only 
panel  the  generally  curved  surface  of  a  piece  of  horn. 

The  drawing  of  the  Mammoth  is  executed  on  a  portion  of  the 
outside  layer  of  the  tusk  of  an  elephant,  probably  of  the  same  species, 
the  attitude  (that  of  an  animal  drinking  at  a  spring)  uatnral  and 
easy;  and  inthe  opinionof  Mr.  Henry AV^oodward,F.E.8., the  sketch, 
rude  as  it  necessardy  is,  "  was  the  result  of  a  life  study  of  the  animal, 
and  is  consequently  of  the  highest  importance,  as  attesting  the  actual 
presence  of  the  living  Mammoth  in  Prance  when  the  Caves  of 
Perigord  were  occupied  by  Man." 

The  early  excavations  were  imattonded  by  any  definite  discovery 
of  human  remains,  though  finally  portions  of  skeletons  were  found  ia 
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tlie  stations  at  La  Madelaine  and  Laugerie  Basse,  the  bones  of 
AA'liich  A\ere  in  t]ie  .same  state  of  preservation  as  those  of  the  rein- 
deer associated  with  them,  and  were  imbedded  in  the  same  medley 
of  chipped  flints  and  animal  bones  of  which  the  bed  of  the  cave  is 
composed;  but  though  the  nature  of  the  remains  was  undoubted, 
great  reserve  was  exhibited  in  theorizing  on  the  subject  until  the 
important  discovery  of  the  Cro-Magnon  cave  placed  it  beyond  a 
doubt  that  the  Cave  Tolk  buried  their  dead  in  places  that  had  been 
habitations. 

Tlie  Cro-Magnon  cave,  or  rather  rock  shelter,  was  discovered 
during  the  formation  of  a  railway,  which  led  to  the  removal 
of  the  talus  which  liid  the  mouth  of  the  cave,  and  the  con- 
sequent unexpected  discovery  of  another  "  station."  Several 
successive  layers  of  heai-th-stuff  and  worked  flints,  covered  by 
intermediate  layers  of  debris  which  had  fallen,  in  weathering, 
from  the  roof,  indicated  that  the  shelter  was  not  always  per- 
manently occupied,  and  that  finally,  when  the  height  of  the  cave 
had  been  considerably  lessened  by  the  accumulation  of  rubbish  and 
detritus,  the  back  part  was  used  as  a  place  of  sepulture,  where  the 
skeletons  of  an  old  man,  a  woman,  an  infant  not  fully  developed, 
and  other  bones,  surrounded  by  shells  pierced  for  necklaces,  ivory 
pendants,  worked  reindeer-horn,  and  chipped  flints,  were  exhumed. 

The  skulls  were  all  of  the  dolichocephalic  type ;  and  the  skeletons 
were  those  of  persons  of  large  stature,  their  platycnemic  bones  cha- 
racterizing them  as  a  peculiar  race  existing  here  in  the  Reindeer 
period. 

One  peculiarity  connected  with  the  woman's  remains  is  that  the 
skull  bears  the  mark  of  a  violent  death,  there  being  a  clear  oval  hole 
in  the  left  temple  ■«  hich  corresponds  in  shape  and  size  with  that 
which  could  be  made  by  one  of  the  flint  lance-heads  found  in  the 
caves.  Whether  this  was  the  result  of  an  accident  or  to  an  in- 
judicious and  excessive  exercise  of  marital  authority  in  this  ancient 
dwelling  is  of  course  a  matter  of  conjecture ;  but  Dr.  Pruner-Bey's 
conclusion  as  to  the  appearance  of  the  members  of  this  family 
deserves  quotation. 

"  As  to  his  exterior,  a  heavy  frame  was  managed  by  a  powerful 
muscular  apparatus,  which  has  left  its  traces  in  the  hollows  and  ridges 
of  the  bones,  xi  robust  but  flattish  foot  bore  the  body,  and  w-as 
fitted  for  running  by  its  elongated  heel.  Of  a  sombre  aspect,  with 
an  imposing  stature,  and  conscious  of  his  strength,  ignorant  of 
moderating  his  passions  by  a  cultivated  morale,  he  could  be  violent 
and  turn  against  the  weaker  sex  the  weapon  intended  to  kill  his 
prey.  Indeed,  whether  we  regard  the  wound  inflicted  on  the  woman 
described  above  as  the  result  of  a  family  quarrel,  or  of  a  combat 
between  hostile  tribes,  it  must  be  noted  that  as  yet  nothing  parallel 
has  been  found  among  the  human  remains  dating  from  that  distant 
period." 

It  is  exceedingly  difficult  to  assign  a  definite  age  to  these 
ancient  remains.  Cro-Magnon,  from  the  presence  of  bones  of 
Bear,  Mammoth,  great  CaAe-liou,  and  Eeindeer,  has  apparently  some 
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of  the  oldest  deposits  of  the  series ;  aud  the  successive  evidences 
of  habitation  shown  by  the  several  layers  of  hearth-stuff,  sepa- 
rated by  varying  tliioknesses  of  dt-bris  (tlio  forination  of  wliuh 
was,  if  modern  evidence  be  worth  any  thing,  exceedingly  slow), 
would  serve  to  carry  the  period  of  sepulture  bade  to  a  very  distant 
period.  The  additional  evidence  of  the  heavy  tains,  4  to  G  metres 
thick,  which  had  gradually  formed  against  tlio  uioutli  of  the  roclc 
shelter  must  not  be  forgotten. 

Le  Moustier  may  even  be  older,  judging  from  tlie  rudeness  of 
the  tools  and  their  similarity  to  the  drift-type,  as  well  as  to  the 
natni'e  of  the  animal  remains,  jMaunuotli,  Hyiena,  and  Fells  spel(t;a, 
with  few  relics  of  the  Reindeer.  It  is  possible  that  additional  evi- 
dence of  antiquity  is  found  in  the  higlier  level  of  this  cave  above 
the  bottom  of  the  valley. 

The  others,  judging  from  the  associated  remains,  ai-e  more  of  the 
same  age,  and  were  occupied  when  the  larger  animals  were  rarer  and 
the  reindeer  in  large  numbers  had  taken  their  place.  These  latter 
were  evidently  plentiful,  as  the  bones  belong  to  animals  of  all  ages, 
judging  from  the  horns. 

It  is  still  more  diilicult  to  fix  the  date  of  occupation  of  the 
valley  at  this  period.  Though  reference  is  made  to  the  reindeer 
by  Sallnst  as  existing  in  the  German  forests,  there  is  no  Jiistorical 
evidence  whatever  of  its  having  lived  in  Southern  Gaul.  The  cli- 
mate of  that  time,  though  the  classic  writers  speak  of  Avinters  of 
greater  extremes  of  cold  than  are  known  now,  would  still  be 
unsuitable  to  the  reindeer  ;  aud  it  is  probable  that  Aquitania,  being 
nearer  the  shores  of  the  Mediterranean,  was  more  densely  occupied 
and  more  disforested  than  those  portions  of  Northern  Germany 
of  which  the  classical  author  speaks. 

We  must  go  back  still  further  in  time  for  the  Eeindeer  epoch  of 
Aquitaiue,  to  a  period  \\hen  the  glaciers  were  larger  and  more 
extensive,  and  when  Western  Europe  was  more  influenced  by  the 
glacial  sea.  In  no  other  way  can  the  presence  of  vast  herds  of 
reindeer  be  accounted  for.  There  were  no  lofty  moimtaius  near, 
to  which  in  the  summer  heat,  when  they  are  peculiarly  susceptible 
to  being  troubled  by  flies,  they  might  retreat ;  nor  \vere  ranges 
to  the  north  to  which  they  might  go,  and,  in  passing  near  the 
Vezere  during  their  migrations,  come  within  reach  of  the  reindeer- 
hunters.  Their  presence  in  the  neighbourhood  must  have  been 
constant ;  for  the  Cave-folk  evidently  drew  constant  and  sufficient 
supplies  of  food  from  the  reindeer  herds,  and  they  would  not  have 
been  able  to  kill  and  store  enough  for  their  wants  during  the  in- 
tervals which  elapsed  between  such  assumed  migrations.  Savage 
races,  as  a  rule,  follow  up  the  animals  they  hunt  for  food,  and 
make  no  permanent  habitations  unless  the  former  inhabit  the  nei<"-li- 
bourhood  in  suflicieut  numbers.  The  selection  of  caves  and  shelters 
with  a  southern  aspect,  the  constant  occupation  evidenced  by  the 
quantity  of  material  found  in  the  caves,  all  show  that  the  men  and 
animals  were  inhabitants  of  the  same  district,  and  that  the  climate, 
therefore,  must  have  been  suited  to  such  a  case. 


558       Geological  Societij: — Dr.  Da^Yson  on  the  Phosphates 

The  *  ReliquiaD  Aquitamc£e '  furnish  the  best  arguments  in  sup- 
port of  this  view  in  the  excellent  monograph  on  the  Eeindeer 
by  j\Ir.  Alex.  Anderson  ;  and  the  other  essays  on  the  customs  of 
existing  Indian  races,  the  nature  of  implements  used  by  tliem,  and 
the  character  and  suitability  of  flint  for  implement-making  are 
most  valuable,  not  merely  to  arrive  at  a  just  conclusion  of  the  use 
of  the  various  relics  in  the  caves  of  the  Dordogne,  but  also  as  data 
whence  the  value  and  character  of  other  discoveries  of  a  similar 
nature  may  be  deduced.  The  illustrations  are  executed  with  ex- 
treme care  and  beaut}--,  and  the  descriptions  which  accompany  the 
numerous  lithographs  are  most  valuable  and  suggestive. 

In  the  concluding  words  of  the  preface,  "it  must  be  noticed 
that  the  resolution  of  Mr.  Henry  Christy's  executors,  desirous  of 
fully  carrnng  out  the  last  wishes  of  their  brother,  to  give  every 
assistance  in  producing  the  book  in  the  style  he  contemplated, 
has  been  amply  and  generously  fulfilled ;  and  we  believe  the  hope 
formerly  expressed  has  also  been  fulfilled — namely,  that,  supported 
by  the  goodwill  and  aid  of  friends,  this  useful  work,  though  not 
so  largely  couiprehensive  as  was  once  intend  ,'d,  will  be  a  fit  and 
lasting  memorial  of  him  whose  energy,  liberality,  and  love  of  science 
originated  its  design,  collected  its  materials,  and  furnished  the 
means  for  its  completion."  The  errata  have  been  carefully  at- 
tended to  in  the  supplemental  notes,  which  contain  also  many  addi- 
tional remarks  and  references.  A  copious  index  adds  to  the 
value  of  the  book,  making  it  readily  available  for  students. 


LXVI.  Proceedings  of  Learned  Societies, 
GEOLOGICAL  SOCIETY. 
[Coutiaued  from  p.  330.] 

March  22,  1870.— -Professor  P.  Martin  Duncan,  M.B.,  F.R.S., 

President,  in  the  Chair. 

1.  "  f\^  the  Triassic  Strata  which  are  exposed  iu  the  Cliff  Sec- 

^     tions  near  Sidmouth,  and  a  note  on  the   occurrence  of 

an   Ossiferous  Zone    containing  Bones   of  a  Lahyiinthodon.''''     By 

H.  J.  Johnston  Lavis,Esq.,  P.G.S. 

2.  "  On  the  Posterior  Portion  of  a  Lower^  Jaw  of  Lahyrinthodon 
{L.  Lavisi)  from  the  Trias  of  Sidmouth."  By  Harry  Govier  Seeley, 
Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical  Geography  in  Bedford 
College,  London. 

3.  "On  the  Discovery  of  Melonites  in  Britain."  By  Walter 
Keeping,  Esq.     Communicated  by  Prof.  T.  M'^Kenny  Hughes,  F.G.B. 

4.  "Note  on  the  Phosphates  of  the  Laurentian  and  Cambrian 
Eoeks  of  Canada."     By  Principal  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

The  author  described  the  mode  of  occurrence  of  phosphatic  depo- 
sits in  various  localities  in  Canada.  Dark  phosphatic  nodules,  con- 
taining fragments  of  Lingula.',  abound  in  the  Chazy  formation  at 
Allumette  Island,  Gren-viUe,  Hawkesbury,  and   Lochiel.     Similar 
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nodules  occur  in  the  Graptolite  shales  of  the  Quebec  group  at  Point 
Levis,  and  in  limestones  and  conglomerates  of  the  Lower  Potsdam 
at  lliviere  Uuelle,  Ivaraouraska,  and  elsewhere  on  the  Lower  St.  Law- 
rence; these  deposits  also  contain  small  phospha tic  tubes  resembling 
Serpulites.  The  Acadian  or  Menovian  group  near  St.  John,  New 
lirunswick,  contains  layers  of  calcareous  sandstone  blackened  with 
phosphatic  matter,  consisting  of  shells  and  fragments  of  Lhujuhe. 
The  author  described  the  general  character  of  the  phosphatic  nodules 
examined  by  him  at  Kamouraska,  and  gave  the  results  of  analyses 
made  of  others  from  various  localities,  which  furnished  from  36*3S 
to  55-(?5  per  cent,  of  phosphate  of  lime.  A  tube  from  lliviere  Quelle 
gave  67*53  per  cent.  The  author  accepted  Dr.  Hunt's  view  of  the 
coprolitic  nature  of  the  nodules,  and  inclined  to  extend  this  inter- 
pretation to  the  tubes.  The  animals  producing  the  coprolites  could 
not  be  thought  to  be  vegetable-eaters  ;  and  he  remarked  that  the 
animals  inhabiting  the  primordial  seas  employed  phosphate  of  lime 
in  the  formation  of  their  hard  parts,  as  had  been  shown  to  be  the 
case  ^vith  Linyala,  Conularia,  and  the  Crustaceans.  The  shells  of 
genus  H>/uUtJus  also  contain  a  considerable  portion  of  phosphate  of 
lime.  Hence  the  carnivorous  animals  of  the  Cambrian  seas  would 
probably  produce  phosphatic  coprolites. 

^Yith  regard  to  the  Laurentian  apatite  deposits,  the  author  stated 
that  they  to  a  great  extent  form  beds  interstratilied  with  the  other 
members  of  the  series,  chiefly  in  the  upper  part  of  the  Lower  Lau- 
rentian above  the  ^'ozoou-limestoncs.  The  mineral  often  forms  com- 
pact beds  with  little  foreign  matter,  sometimes  several  feet  thick,  but 
varying  in  this  respect.  Thin  layers  of  apatite  sometimes  occur  in  the 
lines  of  bedding  of  the  rock.  Occasionally  disseminated  crystals  are 
found  throughout  thick  beds  of  limestone,  and  even  in  beds  of  mag- 
netite. The  veins  of  apatite  are  found  in  irregular  fissures ;  and  as 
they  are  found  principally  in  the  same  parts  of  the  seams  which  con- 
tain the  beds,  the  author  regarded  them  as  of  secondary  origin.  The 
Laurentian  apatite  presents  a  perfectly  crystalline  texture ;  and  the 
containing  strata  are  highly  metamorphosed.  The  author's  arguments 
in  favour  of  its  organic  origin  are  derived  from  the  supposed  organic 
origin  of  the  iron-ores  of  the  Laurentian,  from  the  existence  of 
Eozoon,  from  the  want  of  organic  structure  in  the  Silurian  deposit 
described  by  Mr.  D.  C.  Davies,  and  the  presence  of  associated  gra- 
phite in  both  cases,  from  the  character  of  the  Acadian  linguliferous 
sandstone,  which  might  by  metamorphism  furnish  a  pyroxenite  rock 
with  masses  of  apatite  like  those  of  the  Laurentian  series,  and  from 
the  prevalence  of  animals  with  phosphatic  crusts  in  the  Primordial 
age,  and  the  probability  that  this  occurred  also  in  the  earlier  Lau- 
rentian. The  position  of  the  phosphatic  deposits  above  the  horizon 
of  Eozoon  is  also  adduced  by  the  author  as  adding  probability  to  the 
existence  of  organic  agencies  at  the  time  of  their  formation. 

April  5th,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S., 
President,  in  the  Chair. 
1.  "  The  Bone-caves  of  Creswcll  Crags," — Second  paper.     By  the 
Rev.  J.  Magens  Mello,  M.A.,  F.G.S. 
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2.  "  Oil  the  Mammalia  and  Traces  of  Man  found  in  the  llobin- 
Hood  Cave."  By  W.  Boyd  Dawkins,  Esq.,  M.A.,  F.R.S.,  E.G.S., 
F.S.A.,  Professor  of  Geology  and  Palccontology  in  the  Owens  Col- 
lego,  Manchester. 

3.  "Notes  on  the  Gravels,  Sands,  and  other  Superficial  Deposits 
in  the  neighbourhood  of  Xewton-Abbot."  By  Hoi-ace  B.  AVoodward, 
Esq.,  F.G.S. 

The  writer  pointed  out  that  most  of  the  deposits  termed  Upper 
Grecnsand  in  the  immediate  neighbourhood  of  Xewton-Abbot  were 
in  realit)'  intercalated  with  coarse  gravel-beds  containing,  among 
others,  fragments  of  grecnsand,  chert,  and  chalk  flint.  He  con- 
sidered that  the  only  traces  of  Grecnsand  in  situ  Avere  probably  on 
the  summit  of  Milber  Down  and  east  of  Combe  Farm,  deposits 
which  were  identified  by  Mr.  Godwin- Austen.  Bat  he  could  not 
agree  in  the  identification  of  Grecnsand  at  other  localities  in  the 
Bovey  valley,  considering  the  few  fossils  found  to  have  been  derived, 
and,  with  much  other  material,  to  have  been  evidently  due  to  the 
denudation  of  Chalk  and  Greensand.  He  pointed  out  the  geogra- 
phical distribution  of  these  beds  of  sand  and  gravel,  which  extend 
from  the  hill-tops  bordering  the  Bovey  valley  to  near  the  bottom  of 
the  valley,  but  do  not  descend  into  any  outlying  valleys.  He  like- 
■ftdse  alluded  to  the  peculiar  dip  into  the  valley  which  affects  these 
beds  in  several  places,  and  observed  that  sometimes  they  rested  on 
the  Bovey  Clays  and  Lignites.  He  thought  that  in  their  method  of 
formation  some  connexion  might  be  traced  with  somewhat  similar 
deposits  on  the  Haldon  and  Black-Down  Hills. 

He  pointed  out  that  the  "  Head  "  at  the  bottom  of  the  valley  was 
sometimes  not  to  be  distinguished  from  the  older  gravels,  from 
which,  however,  it  was  largelj'  derived.  He  alluded  to  the  discovery 
of  bones,  a  bronze  spear-head,  and  a  wooden  doll  or  idol  in  this 
deposit — observing  that  they  indicated  the  rapid  aceiimulatiou  of 
gravel,  and  that  this  indication  was  one  out  of  many  that  'might  be 
given  that  our  modern  river-gravels  are  to  a  great  extent  made  up 
of  older  gravels. 

In  conclusion  the  writer  alluded  to  some  of  the  deposits  now 
forming  on  the  margin  of  the  Teign  estuary,  and  which  are  identical 
in  character  with  the  Triassic  breccia. 

4.  "  On  certain  Alluvial  Deposits  associated  with  the  Plymouth 
Limestone."     By  K.  K.  Worth,  Esq.,  F.G.S. 

The  author  adduced  certain  deposits  found  in  fissures  and  caverns 
of  the  Plymouth  Limestone  as  furnishing  evidence  in  opposition  to 
the  views  advocated  by  Mr.  Belt  in  his  paper  on  the  Drifts  of  Devon 
and  Cornwall*.  The  best  examples  occur  at  Plymouth  Hoe,  where 
the  chief  deposit  fills  a  large  "pocket''  in  the  limestone,  and  con- 
sists (beneath  the  turf)  of  a  bed  of  clayey  soil,  containing  pebbles 
and  small  boulders,  beneath  which  are  patches  of  white  and  red  clay 
containing  a  few  pebbles  and  overlying  a  large  quantity  of  siliceous 
sand.  Similar  but  slightly  varying  deposits  not  unfrequently  occur 
in  association  with  the  Limestone ;  and  these  are  regarded  by  the 
*  Soe  Quart.  Jonru,  Geol,  i^oc.  vol.  xxxii.  p,  80. 
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author  as  the  remains  of  considerable  deposits  which  once  occupied 
larpje  areas  in  the  valleys  of  South  Devon  ;  and  if  they  are  not  the  low- 
land gravels  of  Mr.  Belt,  the  latter  are  not  represented  in  the  district. 
The  author  states  that  there  is  evidence  of  the  contemporaneity  of 
these  deposits  "with  those  of  the  Oreston  caves ;  and  he  adds  that 
they  furnish  no  proof  of  cataclysmal  action,  but  of  orderly  deposition, 
the  bulk  of  the  pebbles  and  gravels  being  inland,  nearer  the  source  of 
the  debris,  and  further  off  the  sands  and  clays,  in  fairly  regular  suc- 
cession. The  author  further  explains  the  presence  in  Cornwall  of 
stanniferous  gravels  only  in  valleys  opening  to  the  south,  by  refe- 
rence to  the  position  of  the  watershed  in  that  county,  which  has  only 
two  rivers  running  to  the  north,  whilst  ou  the  south-oast  rivers 
abound. 

April  26,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President, 
in  the  Chair. 

1.  A  Translation  of  a  Xotice,  by  Capt.  iliaulis  of  the  Greek  Royal 
Navy,  of  the  occurrence  of  a  Submarine  Crater  within  the  Harbour 
of  Karavossera,  in  the  Gulf  of  Arta.  Communicated  by  the  Secretary 
of  State  for  Foreign  Affairs. 

2.  "  The  Physical  History  of  the  Dee,  Wales."  By  Prof.  A.  C. 
Ramsay,  LL.D.,  F.R.S.,  V.P.G.S. 

The  author  stated  that  he  regarded  the  valley  of  the  Dee  as  mainly 
preglacial  throughout,  and  sketched  the  physical  history  of  the 
region  through  which  it  runs.  The  Silurian  rocks  were  much  dis- 
turbed and  denuded  before  and  during  the  Carboniferous  period,  and 
tlie  Carboniferous  Limestone  was  deposited  very  uncouformably  on 
the  upturned  edges  of  both  Lower  and  Upper  Siluriau  strata,  and 
once  spread  all  over  the  region,  probably  overlain  by  the  Millstone 
grit  and  Coal-measures,  as  uow  in  the  east  of  Denbighshire  and 
Flintshire.  The  region  was  again  disturbed  and  elevated  during  the 
formation  of  the  Permian  deposits ;  and  then  by  subaerial  denuda- 
tion a  great  part  of  the  Carboniferous  series  was  removed  down  to 
the  old  plain  of  denudation  of  the  Silurian  rocks,  the  surface  of 
which  thus  probably  stood  higher  thau  it  does  at  present,  being  in 
the  midst  of  a  broad  continental  area.  From  a  consideration  of  the 
conditions  of  deposition  of  the  Mesozoic  and  Tertiary  formations  the 
author  concluded  that,  from  the  beginning  of  the  Permian  to  that  of 
the  Glacial  epoch,  the  higher  ground  of  Wales  Avas  land  well  raised 
above  the  sea,  except  perhaps  during  the  deposition  of  the  Chalk, 
and  that  during  all  this  period  it  was  exposed  to  the  influence  of 
subaerial  agents  of  denudation.  He  indicated  the  conditions  of  ele- 
vation of  the  old  tableland  of  Carboniferous  rocks,  and  showed 
that  it  had  probably  a  sloi^e  towards  the  east  and  north-east  to  the 
extent  of  about  23  feet  in  a  mile.  The  drainage  of  this  land  then 
flowed  in  an  easterly  and  north-easterly  direction  along  the  earliest 
channel  of  the  Dee,  which  would  be  at  an  elevation  from  1300  to 
1400  feet  higher  than  the  present  channel. 

During  the  Glacial  epoch  ice-action  deepened  and  more  or  less 
modified  the  existing  channel,  and   scooped  out  the  basin  of  Bala 

Fhil.  Mag.  S.  5.  No.  7.  Suppl  Yol.  1.  2  P 
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Lake,  wliich  was  not  previously  in  existence.  The  general  results 
of  this  investigation  are  as  follows : — After  the  last  important  dis- 
turbance of  the  prte-Pennian  rocks,  North  Wales  was  carved  slowly 
and  by  subaerial  agencies  into  its  present  mountainous  form  chiefly 
between  Permian  and  Prcglacial  times.  The  work  of  the  glaciers 
of  the  latter  period  somewhat  deepened,  widened,  smoothed,  and 
striated  the  minor  outlines  of  the  mountains  and  valleys,  and  exca- 
vated many  rock-bound  lake-basins,  but  did  not  effect  any  great 
changes  in  the  contours  of  the  country.  A  minor  submergence  of 
part  of  Britain  during  part  of  the  Glacial  epoch  produced  no  im- 
portant effects  on  the  large  outlines  of  the  rocky  scenery ;  and  the 
effects  of  subaerial  waste  subsequent  to  the  Glacial  epoch  have  been 
comparatively  small. 

3.  "  On  the  Ancient  Volcano  of  the  District  of  Schemnitz,  Hun- 
gary."    By  John  W.  Judd,  Esq.,  F.G.S. 

The  old  volcanoes  of  Hungary  have  long  been  known  to  present 
some  very  interesting  illustrations  of  the  relations  between  the 
igneous  rocks  erupted  at  the  surface,  and  those  which  have  con- 
8olida!.ed  at  a  considerable  depth  beneath  it.  The  district  in  which 
these  phenomena  can  be  best  studied  is  that  of  Hchemnitz ;  but 
although  tnis  area  has  been  very  carefully  mapped  and  explored  by 
a  number  of  able  investigators,  the  greatest  diversities  of  opinion 
stiU  exist  corcerning  the  relations  of  certain  of  the  rock-masses 
exposed  within  it. 

Over  an  area  nearly  fifty  miles  in  diameter  enormous  accumu- 
lations of  nndesite  and  quartz-andesiie  lavas  and  agglomerates  have 
been  ei'upted,  these  now  forming  a  group  of  mountains  rising  from 
3000  to  4000  feet  above  the  sea-level,  and  culminating  in  a  great 
ring  of  precipitous  heights  overlooking  a  depressed  central  area  of 
oval  form,  the  site  of  the  famous  mining  towns  of  Schemnitz, 
Kremnitz,  and  Kcinigsberg.  In  the  midst  of  this  depressed  central 
area  there  occurs  a  considerable  development  of  rhyoUtic  lavas  and 
tuffs,  and  more  scattered  outbursts  of  basalt.  From  the  magnificent 
floras  associated  with  the  various  volcanic  tuffs,  we  know  that  the 
andesitic  rocks  were  erupted  during  the  earlier  portion  of  the  Upper 
Miocene  period,  and  the  rhyolitic  towards  its  close,  while  the  basalts 
are  probably  of  as  late  date  as  the  Pliocene. 

Besides  the  rhyolites  and  basalts,  however,  there  are  certain 
other  rocks  exposed  in  the  central  area  of  the  Schemnitz  district, 
the  relations  of  which  it  is  very  difficult  to  understand.  These 
consist  of  (1)  strata  of  Lower  Trias  and  jS'ummulitic  age,  through 
the  midst  of  which  the  volcanic  outbursts  have  evidently  taken 
place  ;  (2)  masses  of  highly  metamorphic  rocks,  including  quartzites, 
crystalline  limestones,  various  schists,  gneiss  and  aplite ;  and  (3) 
undoubted  eruptive  rocks,  which  have  usually  been  called  "  syenite 
and  granite,"  but  for  which  the  names  of  "  diorite  and  quartz- 
diorite  "  would  perhaps  be  more  appropriate,  inasmuch  as  the  pre- 
vailing felspar  in  them  is  always  a  plagioclase  variety. 

By  Beudant  and  other  early  writers  the  andesitic  lavas  were 
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recognized  as  volcanic  products  of  a  comparatively  recent  geological 
period,  while  the  "  granite,  syenite,  and  greenstone  "  were  regarded 
as  being  of  far  more  ancient  date.  By  Yon  Pcttko,  Ilichthofen,  and 
all  the  more  recent  investigators  of  the  district,  however,  it  has  been 
clearly  perceived  that  the  "greenstones"  are  certainly,  like  the 
andesites,  of  Tertiary  age  ;  and  hence  such  names  as  "  greenstone- 
trachyte  "  and  "  propylite "  have  been  applied  to  them.  The 
studico  of  the  author  of  the  present  memoir,  both  in  the  field  and 
in  the  cabinet,  have  led  him  to  the  conclusion  that  the  granitic, 
porphyritic,  and  lava  rocks — which  were  formerly  caUed  "  syenite," 
"  greenstone,"  and  "trachyte"  respectively — are  all  of  similar  com- 
position and  equivalent  aye,  and  that  they  differ  only  in  their  more 
or  less  perfect  state  of  crystallization,  the  result  evidently  of  varia- 
tion in  the  conditions  under  which  they  have  consolidated.  He  is 
further  led  to  regard  the  mctamorphic  masses  around  the  several 
intrusive  centres  as  being  not,  as  has  hitherto  been  maintained,  of 
"  Primary  "  (Devonian  or  Permian)  age,  but  simply  Triassic  rocks 
afi"ected  by  local  or  contact  mctamorphism. 

The  real  structure  of  the  great  Schemnitz  volcano  was  first  recog- 
nized by  Von  Pettko  in  1S4S,  though  this  author  erroneously 
regarded  it  as  presenting  an  example  of  a  "  crater  of  e  ovation." 
The  history  of  the  formation  and  destruction  of  this  volcano  is  now 
shown  to  be  as  follows  : — After  some  small  and  scattered  outbursts 
of  rocks  of  acid  composition  towards  the  close  of  the  Oligocene 
period,  the  grand  eruptions  of  andcsitic  lavas  of  the  Miocene  began, 
through  the  agency  of  which  a  volcano  of  larger  dime  isions  than 
Etna  was  gradually  built  up,  bj  both  central  and  lateial  eiaptions. 
In  the  midst  of  this  volcano  a  crater  of  enormous  dimensions  was 
formed,  doubtless  by  some  great  paroxysmal  outbreak ;  and  by  the 
subsequent  subsidence  of  the  mountain  the  sea  gained  access  to,  and 
by  denudation  greatly  enlarges  the  area  of,  this  "  caldera."  Then 
in  the  central  lagoon  of  the  caldera  a  number  of  minor  eruptions, 
first  of  acid  and  then  of  basic  rocks,  took  place ;  and  the  volcaco, 
which  at  this  period  of  its  history  must  have  closely  resembled  the 
existing  island  of  Santoiln,  was  rgain  upheav  d  from  beneath,  the 
sea,  and  exposed  to  the  wasting  efiect^  of  subaerial  denudation. 
The  gradual  decline  of  the  volcanic  forces  in  the  district  was  m;.rked, 
as  is  usually  the  case,  by  the  a'"pear?ncc  of  hot  and  mineral  spilngs, 
discharges  of  gas,  occasional  earthquakes,  &c. 

While  affording  such  remarkable  examples  of  the  perfect  transition 
between  the  so-called  plutonic  and  the  volcanic  classes  of  rocks,  and  of 
the  phenomena  of  contact  mctamorphism,  the  granitic  masses  of  the 
Schemnitz  district  are  without  question  truly  intrusive  ;  and  a  careful 
study  of  them  le^ds  no  support  whatever  to  the  hypothesis  that 
such  rocks  may  be  formed  by  the  extreme  mctamorphism  of  sedi- 
ments in  situ.  There  is  the  most  complete  proof  that  in  the 
Schemnitz  district  the  formation  of  true  mineral  veins,  containing 
gold,  silver,  and  other  metals,  has  taken  place  within  the  most 
recent  geological  periods — in  some  cases,  indeed,  at  a  later  date 
than  the  Pliocene. 
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ON  THE  EFFECT  OF  THIN  PLATES  OF  IRON  USED  AS  ARMATURES 
TO  ELECTROMAGNETS.  BY  JOHN  TROWBRIDGE,  S.D.,  HARVARD 
COLLEGE,  U.S. 

TN  a  paper  presented  to  the  Academy,  April  13,  1875,  I  showed 
-'-  that  the  application  of  armatures  to  two  straight  electromagnets, 
which  formed  the  primary  circuit  of  a  Euhmkorff  coil,  more  than 
doubled  the  strength  of  the  induction-current  produced  by  breaking 
the  primary  circuit.  When,  however,  the  circuit  of  the  secondary 
coil  was  not  closed,  and  a  spark  was  allowed  to  jump  across  the 
interval  between  its  poles,  the  striking-distance  of  the  spark,  and 
its  power  to  charge  a  condenser,  did  not  seem  to  be  notably  in- 
creased by  the  application  of  armatures  to  the  electromagnets  of 
the  primary  circuit.  My  experiments  at  that  time  were  made 
with  solid  iron  cores ;  and  I  now  resume  these  experiments  with 
bundles  of  fine  iron  wires  in  place  of  the  solid  iron  cores.  The 
mechanical  difficulty  of  making  the  ends  of  the  bundles  of  fine 
wires  constituting  the  cores  plane  surfaces  was  overcome  by  dipping 
them  in  melted  solder,  and  then  filing  the  surfaces.  In  this  way 
J.  had  no  difficulty  in  applying  the  armatiu-es  so  that  they  should 
lie  upon  a  plane  surface. 

The  resistance  of  each  of  the  two  induction-coils  covering  the 
two  straight  electromagnets  was  6000  ohms,  and  that  of  each  of  the 
straight  electromagnets  '34  of  an  ohm.  The  diameter  of  the  bundles 
of  fine  iron  wires  constituting  the  cores  was  5  centims.,  and  the  length 
of  the  electromagnets  was  28  centims.  Condensers  of  various  sizes 
were  placed  in  the  primary  circuit :  the  results  given  in  this  paper 
were  obtained  by  the  use  of  a  condenser  of  about  one  farad.  The 
method  of  experimenting  was  to  charge  a  condenser  of  -i-  of  a  farad 
by  means  of  a  spark  one  millimetre  in  length,  and  then  to  discharge 
this  condenser  through  a  galvanometer.  If  we  express  the  quantity 
of  electricity  received  by  the  condenser  by  Q,  the  electromotive 
force  and  the  capacity  of  the  condenser  byE  and C,  we  haveQ=EC. 

2nt 
We  also  have  Q= —  sin|-0,  where  n  is  the  reduction  factor  of 

TT 

the  galvanometer,  t  the  time  of  vibration  of  the  magnet,  and  <f>  the 
arc  through  which  it  swings  under  the  effect  of  the  charge.  Know- 
ing the  reduction  factor  of  my  galvanometer,  I  had  thus  the  means 
of  reducing  my  results  to  absolute  measure.  J3ut  I  speedily  found 
that  the  relative  results  obtained  by  the  proportions 

Q  :  Q'=sini0  :  suii0'  =  E:E' 

would  present  the  points  of  this  investigation  in  a  manner  as 
valuable  as  if  the  results  had  been  reduced  to  absolute  magnetic 
measure. 

My  first  experiments  were  made  with  solid  armatures. 
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5(^5 


Without  ai-matures. 

With  armatures. 

80 

90 

70 

80 

90 

100 

60 

70 

70 

85 

80 

90 

Mean ...  75 

86 

In  this  Table  the  numbers  ai'e  the  deflections  of  the  reflecting 
galvanometer  expressed  in  millimetres.  In  this  case  the  gain  by 
the  use  of  the  armatures  was  trifling,  being  only  about  14  per  cent. 
These  results  were  obtained  by  charging  the  condenser  of  ^  of  a 
farad  by  sparks  one  millimetre  in  length. 

On  a  closed  secondary  circuit,  however,  a  gain  of  one  hundred 
per  cent,  was  clearly  shown  in  the  strength  of  the  induced  current 
produced  by  breaking  the  primary  circuit.  The  question  of  how 
to  make  this  great  increase  in  the  strength  of  the  induced  current 
by  the  employment  of  armatures  manifest  in  the  spark  became  an 
interesting  one.  It  seemed  at  fii'st  as  if  the  application  of  arma- 
tures, by  maintaining  the  temporary  magnetization  of  the  iron  cores, 
would  be  detrimental  rather  than  otherwise. 

I  next  tried  the  effect  of  bundles  of  thin  iron  plates,  which  were 
placed  as  armatures  upon  both  poles  of  the  electromagnets,  thus 
making  a  magnet  of  a  horseshoe  form.  On  charging  the  condenser 
I  found  a  A'ery  great  increase  in  quantity,  which  was  manifested 
by  the  swing  of  the  galvanometer-needle,  the  indications  being  en- 
tirely off  the  scale.  Table  II.  shows  the  results  obtained  by  the 
use  of  iron  plates  -^j  of  an  inch  in  thickness,  twenty  in  number, 
constituting  each  armature. 

Table  II. 


Without  plates.             With  plates. 

80 
70 
90 
60 
70 
80 

400 
380 
370 
400 
370 
400 

Mean ...  75 

386-6 

Here  a  gain  of  four  hundred  per  cent,  was  manifested  by  the 
use  of  the  thin  plates. 

The  next  step  was  to  ascertain  how  many  plates  were  necessary 
to  obtain  the  maximum  effect.      The  difficulty  of  obtaining  plates 
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of  the  same  liomogeneity  made  it  impossible  to  obtain  smootli 
curves.  To  this  difficulty  was  added  that  of  breaking  the  primary 
circuit  in  a  regular  manner. 

If  the  results  of  Table  III.  be  plotted,  it  will  be  seen  that  the 
increase  within  small  limits  is  very  neai'ly  proportional  to  the 
number  of  thin  plates  (which  were  Jj-  of  an  inch  in  thickness). 

Table  III. 


No.  of 

Deflections  of 

No.  of 

Deflections  of 

plates. 

galvanometer. 

plates. 

galvanometer. 

1 

11 

6 

15 

2 

12 

7 

15-5 

3 

13 

'          8 

18 

4 

13 

!      y 

18 

5 

14 

10 

18-5 

On  increasing  the  number  of  plates,  a  point  was  reached  where 
there  was  no  additional  eif  ect.  The  best  result  was  obtained  where 
the  mass  of  the  armatures  was  approximately  equal  to  that  of  the 
cores  of  the  electromagnets.  Plates  of  -^i^  of  an  inch  thiclaiess 
were  also  used  ;  but  no  advantage  resulted  in  their  employment, 
over  those  of  -^-^  of  an  inch.  It  would  seem  that  the  thin  plates 
followed  the  same  law  as  the  bundle  of  line  iron  wires  which 
constitute  the  cores  of  induction-coils  of  the  present  day,  and 
that  only  a  moderate  degree  of  discontinuity  in  the  mass  of 
iron  submitted  to  magnetic  influence  is  necessary  to  prevent  the 
formation  of  currents  of  induction,  which  prolong  the  magnetism 
of  the  cores  and  prevent  the  quick  demagnetization  necessary  to 
produce  intense  currents  of  induction.  The  effect  of  insulating 
the  thin  plates  with  thin  dielectrics,  like  paper,  was  also  tried,  with 
DO  gain  in  effect.  There  appeared  to  be  a  slight  gain  by  placing 
the  plates  edge"nT-se  on  the  poles  of  the  electromagnets,  instead  of 
allov,ing  them  to  repose  on  their  flat  sides.  This  was  doubtless 
due  to  better  contact  of  the  metallic  surfaces. 

Since  the  above  results  proved  conclusively  a  very  great  gain  in 
quantity  and  electromotive  force  by  the  application  of  thin  plates 
as  armatures,  I  next  measured  the  striking-distance  of  the  spark. 
Table  IV.  gives  the  results,  -v^hich  are  the  mean  of  many  trials. 

,  Table  IV. 


Without  armatures. 

With  armatures. 

15  centims. 

14 

15 

32  centims. 

30 

32 

Mean  14-(} 

31-3 

A  curious  fact  came  up  in  this  connexion.     The  lengthening  of 
the  spark  was  not  shown  when  the  spark  leaped  directly  between 
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the  poles  of  the  induction-coil ;  the  increase  in  quantity  and 
electromotive  force  \^"as  only  made  manifest  to  the  eye  by  the  eu  - 
ployment  of  condensers  in  the  secondary  circuit.  The  results  in 
Table  IV.  were  obtained  by  the  employment  of  a  Leydon  jar  of 
large  capacity.  The  increase  in  the  quantity  and  electromotive 
force  was  not  only  shown  by  the  increased  length  of  the  spark, 
but  also  by  its  increase  in  volume  and  its  loud  snap.  The  spark 
consisted  of  a  thick  central  bolt,  surrounded  by  curious  thin  de- 
tached sparks.  An  attempt  was  made  to  measure  t  le  increase  of 
light  in  Ge'ssler  tubes  by  Vierodt's  photometric  apparatus ;  but  it 
was  found  too  inexact  for  this  purpose — if,  indeed,  there  was  any 
increase  of  light,  which  certainly  remains  to  be  proved.  I  know 
of  no  results  which  bear  upon  the  relation  of  the  increase  of  light 
to  the  increase  of  electromotive  force  of  the  induction-spark. 

Without  condensers  in  the  secondary  circuit,  however,  the  in- 
creased electromotive  force  of  the  spark  was  shown  by  its  greater 
constancy  in  leaping  over  a  given  resistance  of  air. 

The  results  of  this  investigation  can  be  thus  summed  up  : — 

1.  The  application  of  thin  pHtes  of  iron  as  armatures  to  two 
straight  electromagnets  increases  between  four  and  five  times  the 
strength  of  the  spark  produced  by  the  surrounding  secondary  coils. 

2.  The  length  of  the  spark  is  doubled,  which  is  only  shown  by 
the  use  of  a  condenser  in  the  secondary  circuit. 

3.  The  results  show  that  it  would  be  more  economical  to  con- 
struct induction-coils  consisting  of  two  straight  electromagnets 
constituting  the  primary  circuit,  and  two  fine  coils  constituting  the 
secondary  circuit,  with  the  use  of  thin  plates  of  iron  as  armatures 
to  the  electromagnets,  than  to  distribute  the  same  amount  of  \^'iro 
on  one  straight  electromagnet  as  in  the  common  form  of  Euhmkorff 
coil. — From  the  Proceedings  of  the  American  Academy  of  Arts  and 
Sciences,  Feb.  9,  1876. 

"  FELDSPAR  "  AND  "  FELDSTOXE  "  ^'ERSUS  "  FELSPAR  "  AND 
"  FELSTONE." 

Of  the  two  modes  of  spelling  the  above  mineralogical  names,  the 
former  is  followed  by  the  Germans  of  the  present  day,  and  the 
latter  by  the  English. 

"Felspar"  (that  is,  the  word  without  the  d)  occurs  in  the  works 
of  Brooke  and  Miller  (1852),  Greg  and  Lettsom  (1858),  Nicol 
(1849),  Thomson  (1836),  PhiUips  (1816-1837),  Allan  (1814-1834), 
Brooke  (1823),  Aikin  (1807, 1815),  Jameson  (1804-1820),  Kirwan 
(1784,  1794) ;  so  that  if  good  names  can  make  any  orthography 
right,  that  of  "  felspar  "  is  abundantly  sustained. 

We  find,  however,  among  British  mineralogists,  Mr.  John 
Williams,  in  his  'Mineral  Kingdom'  (1810),  using  the  German 
form  "  feldspar  ;''  and  so  also  Mawes,  in  his  '  Descriptive  Cata- 
logue '  (1821),  and  Townson,  in  his  '  Philosophy  of  Mineralogy' 
(1798);  and  Nicholson,  in  his  'Dictionary  of  Chemistry,'  like 
Magellan  in  his  translation  of  Cronstedt's  'Mineralogy'  (1788), 
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adopts  essentially  the  same,  though  taking  for  the  first  syllable  the 
Swedish  spelling  "  felt-spar,"  as  given  in  Wallerius  (1743).  Again, 
Haidinger's  English  translation  of  Mohs  (Edinburgh,  1825)  has 
"  feldspar."  Further,  Jameson  in  his  edition  of  1804  uses  "  fel- 
spar "  with  a  caveat ;  for  he  adds  in  a  note  at  the  bottom  of  the 
page,  "  More  properly /('Zf/.s^M/*." 

Kirwan  appears  to  have  decided  the  question  in.  favour  of 
"  felspar  "  for  all  his  successors  (or  at  least  set  the  current  in  that 
direction)  by  means  of  a  piece  of  bad  etymology.  He  says,  "  This 
name  seems  to  be  derived  from  Fds,'''-  a  rock,"  it  being  commonly  found 
in  granite,  and  not  from  Fdd.  "  a  field ;"  and  hence  I  write  it  thus, 
felsjwr."  Kirwan  recognized  the  Germanic  origin  of  the  word. 
But  he  must  have  reached  his  decision  without  taking  Grerman  works 
for  authority. 

Among  the  Grermans  "feldspath  "  (meaning  field-spar)  ("  felt- 
spat  "  or  "  f alt-spat "  of  the  Swedes)  is  the  only  form  that  has  ever 
been  used.  Wallerius,  in  1747,  nearly  forty  years  before  Kirwan 
issued  his  first  edition,  and  Cronstedt,  in  1758,  nearly  thirty  years, 
used  the  term  "  felt-spat  "  or  "  falt-spat  "  in  their  treatises  ;  and 
Grimm,  in  his  German  Dictionary,  the  latest  and  best,  has  "  feld- 
spath," and  not  "  fels-spath."  There  can  hence  be  no  dispute  as 
to  the  true  spelling  or  derivation.  "  Feldspar  "  therefore  is  the  right 
word  among  those  who  speak  English. 

French  mineralogists  have  conformed,  wdth  a  rare  exception, 
to  the  German  style,  they  retaining  the  d.  Thus  it  is  with 
Des  Cloizeaux  (1862),  Dufrenoy  (1844-1860),  Huot  (1841), 
Beudant  (1824, 1832),  Brochant  (i808),Haliy  (1801-1822),  Rome 
de  Lisle  (1783),  Demeste  (1779).  But  Brongiiiart  (1807)  thought, 
like  Kirwan,  that  "feldspath"  must  be  a  corruption  of  the  "  mot 
originaire /fZsjjfli/t ;"  and  hence,  as  he  says,  he  "restored  to  the 
mineral  its  first  name."  Later  French  mineralogists  have  not 
followed  Brongniart's  example. 

In  the  United  States,  "  feldspar,"  except  in  sporadic  cases  (a 
consequence  of  British  example),  has  been  the  adopted  form.  It  is 
the  word  used  in  the  works  of  Dana  (1837-1868),  Shepard 
(1832-1857),  Eobinson  (1825),  and  Cleveland  (1816-1822)*. 

Thus  British  mineralogists  are  at  present  alone  in  using  "felspar." 
There  is  nothing  in  favour  of  the  word,  unless  it  be  its  fewer  letters  by 
one,  and  its  smoother  pronunciation  ;  and  such  a  reason  for  change, 
if  acted  on.  Mould  make  havoc  of  good  English.  Being  wrong, 
and  "  feldspar"  being  right,  its  rejection  should  encounter  no  impedi- 
ment in  the  fact  of  long  national  usage.  Science  is  not  national ; 
and  only  by  the  change  can  uniformity  of  nomenclature  be  secured. 

The  case  between  "feldstone"  and  "  felstone  "  is  very  similar  to 
that  between  "feldspar"  and  "felspar."  The  original  German 
word  is  "  feld-stein,"  one  long  since  introduced  into  the  science,  and 
not  f els-stein.  Fcls-stein  would  be  as  bad  in  German  a.^  roch-sfone  (its 
signification)  in  English.     The  Germans  cannot  adopt  fels-stein, 

*  Phillips's  'Mineralogy,'  in  its  republications  in  the  United  States,  has  retained 
the  English  orthography. 
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since  it  is  an  absurd  compound  ;  and  the  half  English  word  "  fel- 
stoue  "  is  no  less  objectionable.  ]N either  could  ever  find  place  in 
any  European  work  on  lithology. 

Felsite  is  an  old  word  in  the  science,  used  by  mineralogists  of  all 
lauds. 


ON  THE  DISPLACEMENT  OF  THE  LINES  IN  THE  SPECTRA  OF  THE 
STARS,  PRODUCED  BY  THEIR  MOTION  IN  SPACE.  BY  FATHER 
SECCHI. 

Rome,  March  25, 1876. 

It  is  now  generally  admitted,  in  accordance  with  the  ideas  put 
forth  by  Dopplcr  in  1842,  that  the  displacement  of  a  luminous  point 
which  is  moving  from  or  approaching  towards  the  observer  produces 
an  alteration  in  the  length  of  the  light-wave.  From  this  principle, 
combined  with  those  of  spectral  analysis,  it  follows  that  the  lines  of 
a  substance  existing  in  a  star  in  motion  will  be  displaced  in  relation 
to  those  obtained  with  the  same  substance  on  the  earth.  The  amount 
of  the  displacement  wiU  depcJid  on  the  velocity  of  the  star  in  the 
direction  of  the  lino  of  sight  of  the  observer.  Objections  to  this 
theory  have  not  been  wanting  ;  but  it  appears  to  have  been  generally 
received*,  and  confirmed  by  the  observation  of  curvatures  in  the 
lines  of  the  solar  protuberances. 

To  ascertain  the  rigorous  accuracy  of  this  theory  I  made  some 
experiments  in  18G3 ;  but  the  results  at  that  time  were  negative. 
I  attributed  the  want  of  success  to  the  inadequacy  of  my  instru- 
ments. A  little  while  after,  Mr.  Huggins  resumed  the  question, 
and  found  some  sensible  displacements,  of  which  he  gave  an  account 
to  the  Royal  Society  of  London  ;  but,  fearing  nevertheless  an  illu- 
sion produced  by  the  manner  of  illuminating  the  slit,  he  made  some 
changes  in  his  procedure  and  examined  several  stars  afresh.  In  1872 
he  gave  a  list  of  motions  judged  to  be  definitive f. 

In  this  interval  I  was  often  occupied  with  the  subject,  especially 
in  1868  J,  cmplojing  sometimes  processes  of  comparison,  sometimes 
absolute  methods  ;  but  my  results  did  not  always  agree  with  those 
of  the  celebrated  English  spectroseopist.  Nevertheless,  out  of  regard 
for  his  great  authority,  and  taking  into  consideration  the  very  per- 
fect means  he  had  at  his  disposal,  I  was  led  to  prefer  his  results, 
notwithstanding  their  opposition  to  my  own.  Lately  M.  Vogel,  at 
Bothkamp,  and  the  Greenwich  Astronomers  having  published  some 
researches  on  the  subject,  I  found  in  their  results  some  considerable 
divergences  from  those  of  Mr.  Huggins  ;  and  I  determined  to  resume 
the  experiments  and  make  a  new  examination  of  the  question. 

In  the  following  Table  I  sum  up  the  results  of  a  determination, 
marking  with  the  sign  4-  the  cases  of  increasing,  and  with  the  sign  — 
those  of  diminishing  distance  : — 

*  M.  Van  der  Willingen,  however,  has  contested  it. 

t  See  '  Nature,'  vol.  vi.  p.  1.35,  .July  1872. 

X  See  Comptes  Rendus  de  I'Acad.  di-s  Sciences,  March  2,  1868. 
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Stars. 

Observers. 

Hiiggins.    1  Greenwich. 

Secchi. 

Vogel. 

Sirius 

+ 

+ 
+ 
4- 

1    1+11+4 

0 

0 
0 

0 

a  Lvra;  

Castor 

Rigel  

+              L 

1/  Ursaj  Majoris... 
a.  Pegasi     

+ 
+ 

- 

a  Coronaj   

a.  Andromedffl    ... 

It  is  seen  that  accordance  exists  in  several  instances,  but  there 
are  numerous  contradictions.  We  recognize  moreover  by  other 
signs  that  a  cause  of  error  exists  as  yet  unknown,  and  that  the  me- 
thods of  investigation  require  to  be  carefully  revien^ed. 

Several  facts  are  at  once  very  striking:  (1)  nearly  all  the  obser- 
vations at  Greenwich  give  negative  results  *,  positive  results  being 
the  exception  ;  (2)  the  results  on  different  days  are  not  only  very 
discordant  as  to  magnitude,  but  sometimes  even  opposite ;  (3)  Mr. 
Huggins's  observations  give  very  similar  results  for  a  great  number 
of  stars ;  (4)  his  results  for  the  comet  Coggia  are  not  in  accordance 
with  the  motion  of  that  comet  as  known  from  other  sources  ;  (5)  the 
meanvalues  assigned  by  the  different  observers  are  extremely  different. 

Surprised  at  these  irregularities,  I  put  to  myself  the  question, 
Can  there  he,  either  in  the  mode  of  ohserving,  or  in  the  instruments,  a 
systematic  cause  of  error,  producing  the  disjihicement  of  the  line,  un- 
known to  the  observer  "i  In  order  to  assure  myself,  I  made  the 
following  experiments,  endeavouring  to  avoid  the  conditions  which 
were  suspected  to  be  faulty,  and  to  vary  as  much  as  possible  the 
other  conditions  of  observation. 

First,  to  illuminate  the  slit,  I  placed  the  Gcissler  tube  simply  in 
front  of  the  objective  at  a  distance  of  about  5  decims.,  arranging  it 
so  that  the  capillary  tube,  about  6  centims.  in  length,  was  exactly 
parallel  to  the  diameter  of  the  objective  and  to  the  slit  of  the  spec- 
troscope :  the  light  was  sufficiently  bright  in  the  ocular  of  the  spec- 
troscope to  permit  the  lines  to  be  seen  distinctly.  The  spectroscope 
(a  direct-vision  one)  was  formed  of  a  Merz  prism  composed  of  five 
strongly  dispersing  prisms.  In  the  solar  spectrum  the  lines  D  of 
sodium  were,  Avith  this  apparatus,  separated  by  double  their  breadth. 
To  dilate  transversely  the  spectrum  of  the  star,  an  achromatic  cylin- 
drical lens  was  placed  near  the  eyepiece,  inside  the  little  analyzing 
telescope. 

The  equatorial  beiug  directed  to  the  star  Sirius  under  favourable 
atmospheric  conditions,  we  were  able  to  see  clearly  the  dark  line  F 
of  the  star  simultaneously  and  in  the  same  field  with  the  hydrogcn- 
*  See  '  Monthly  Notices,'  vol.  xxxvi.  p.  30  et  seq. 


Intelligence  and  Miscellaneous  Articles.  571 

line  H  /3.  The  bright  line  of  the  gas  was  projected  outside  the  dark 
line  of  the  star,  over  its  border  on  the  side  towards  the  red :  the 
amount  of  this  superposition  could  not  be  estimated  exactly ;  for 
the  stellar  lino  (or,  ratlier,  band)  is  very  broad,  and  stumped  at  its 
edge,  as  wo  have  ascertained  from  the  commencement  of  our  re- 
searches. "We  are  suri)rised  that  observers  do  not  dwell  upon  this 
aspect  of  most  of  the  stellar  hydrogen-lines.  We  shall  be  pardoned 
for  noting  all  these  details,  considering  the  importance  of  the  con- 
sequences which  tlow  from  them. 

This  result  was,  in  the  main,  the  same  as  that  which  we  had 
already  obtained,  especially  in  18G9,  and  i)ublishcd  in  our  memoirs 
Sur  les  Spectres  Solaires  in  1872,  p.  44.  The  star  seemed,  then,  to 
have  its  undulations  shortened,  and,  consequentlj-,  to  be  approaching 
us,  as  they  found  at  Greenwich,  contrarily  to  Mr.  Huggins. 

Not  trusting  my  own  estimation,  I  had  the  observation  made  bj' 
my  assistants,  all  of  them  accustomed  to  these  measurements.  Ob- 
servation always  gave  the  same  result  when  the  telesoope  was  carried 
by  the  clock,  and  when  moreover  an  assistant  was  at  the  searcher 
to  keep  it  upon  a  fixed  point  corresponding  to  the  slit  of  the  spec- 
troscope ;  but  if  the  clock  stopped,  or  if  the  assistant  deranged  the 
position  of  the  star,  the  bright  line  was  seen  accidentally  to  place 
itself  on  the  other  side  or  in  j)erfect  coincidence  with  the  dark  line. 
This  induced  us  to  repeat  more  carefully  the  observation  the  follow- 
ing day,  in  order  to  discover  the  cause  of  these  variations. 

In  this  second  series  the  results  were  at  first  similar  to  those  of 
the  preceding  day  ;  but  on  abandoning  the  use  of  the  clock  the  line 
appeared  to  take  its  place  on  one  side  or  the  other,  according  as  the 
star  was  struck  or  carried  away  on  one  side  or  the  other  with  respect 
to  the  axis  of  the  telescope.  The  clock  was  then  again  applied, 
when  the  bright  line  appeared  on  the  side  towards  the  red ;  and 
after  the  spectroscope  was  turned  on  its  axis  180°,  the  line  was 
situated  on  the  other  side  for  certain  observers,  remaining  on  the 
former  side  for  others. 

After  producing  again  and  again  for  a  long  time  these  different 
changes  of  position,  we  acquired  the  conviction  that  the  line  might 
appear  constantly  on  one  side  or  the  other,  according  to  the  j^osition  of 
the  instrument,  tvithout  the  observer  having  any  sufficiently  certain 
indication  to  cause  him  to  recognize  the  illusion  of  tohich  he  ivas  the 
victim.  This  is  plainly  a  very  grave  conclusion.  We  do  not  pre- 
tend that  obsei'vers  so  skilful  have  been  deceived  ;  but  we  point  out 
a  possible  cause  of  error  in  this  class  of  observations.  We  have  not 
yet  succeeded  in  discovering  the  source  of  these  changes,  which  may, 
perhaps,  be  attributable  to  a  species  of  parallax,  owing  to  the  focus 
of  the  star-image  not  coinciding  with  the  plane  of  the  slit.  Wo 
confine  ourselves  to  merely  indicating  the  phenomenon  which  might 
well  have  produced  an  illusion  for  others  as  it  deceived  us.  Here 
the  concordance  of  frequently  repeated  observations  would  give  no 
assistance  ;  for,  in  looking,  one  always  jdaces  one's  self  so  as  to  have 
the  clearest  view — that  is  to  say,  in  such  a  position  that  the  same 
error  is  reproduced. —  Comptes  llendus  de  VAcademie  des  Sciences, 
April  3,  187B,  vol.  Ixxxii,  pp.  761-765. 
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ON  A    SIMPLE   AND    VERY   ACCURATE    METHOD    OF   TUNING    TWO 
FORKS  TO  UNISON.      BY  ROBERT  SPICE,  F.C.S. 

Though  tho  optical  method  of  tuning,  of  Lissajous,  gives  good 
results,  1  iind  that  two  forks  thus  tuned  to  unison  may  he  a  fraction 
of  a  vihration  out,  without  in  ani/  waij  disturbing  the  steadiness  of 
the  figure. 

In  tho  2ud  edition  (English)  of  Tyndall's  'Sound,'  in  Lecture  YII., 
the  author  says,  "  I  divide  this  jar  by  a  vertical  diaphragin,  and 
bring  one  of  the  forks  over  one  of  its  halves,  and  the  other  fork 
over  the  other.  The  two  semicylindors  of  air  produce  beats  by 
their  interference.  On  removing  the  diaphragm,  the  beats  continue 
as  loud  as  before,  one  half  of  the  same  column  of  air  interfering 
with  the  other." 

Dr.  Tyndall  does  not,  however,  mention  the  fact  that  precisely 
the  fame  result  would  have  been  obtained  if  no  diaphragm  had  been 
employed ;  yet  this  is  so.  When  two  unison  forks  are  struck  on  the 
knee  (or  by  a  piece  of  lead  covered  with  leather)  and  then  held 
together  over  their  proper  resonant  column,  the  following  phenomena 
will  be  observed. 

If  there  is  a  difference  between  their  rates  of  several  vibrations, 
there  will  of  course  be  rapid  beats  ;  if  the  forks  are  ve^-y  nearly  in 
tune,  the  beats  will  succeed  each  other  at  long  iiitervals ;  further, 
when  they  are  almost  perfectly  in  tune,  there  will  not  be  any  beats 
proj^erly  so  called,  but  after  the  sound  of  the  forks  has  nearly  died 
away,  it  will  rise  or  swell  out  again  very  sUgJitly,  proving  that  there 
had  been  interference. 

Finally,  when  the  forks  are  absolutely  alike,  there  will  be  a  gra- 
dual decrease  of  sound,  down  to  silence,  without  any  reinforcement 
at  any  time. 

I  fijid  that,  to  carfy  out  this  tuning  absolutely,  both  forks  must 
be  at  the  same  temperatiire ;  consequently,  after  using  a  file  on  one 
of  them,  I  place  both  forks  in  a  vessel  of  water  to  equalize  their 
temperatures,  wipe  them  dry,  and  test  them.  To  show  the  accuracy 
of  this  method,  I  select  the  following  example  : — 

A  pail"  of  Ut*  forks  (256  vibrations)  will  sound  over  a  column  for 
about  135  seconds.  Suppose  that  the  sound  decreases  up  to  the  100th 
second,  and  then  begins  to  rise  ;  obviously  100  seconds  is  the  time 
of  half  a  beat,  or  200  seconds  the  beating-time ;  that  is  to  say,  it 
wiU  have  been  demonstrated  that  one  of  the  forks  gave  ^J^-y  of  a 
vibration  2)er  second  more  than  its  fellow. 

What  has  been  said  of  the  unison  applies  to  other  intervals. 

I  have  recently  executed  by  this  method  Ut^,  Utj,  Utg,  and  Ut_ 
forks  for  the  physical  cabinet  of  Columbia  College. — SUKman's 
American  Journal,  May  1876. 

230  Bridge  Street,  Brooklyn,  Jan.,  1876. 
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